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ILLINOIS STATE ACADEMY OF SCIENCE 
Office of the Secretary 
University of Illinois, Urbana, Illinois. 


Council Meeting, Chicago, April 25, 1925. 


President Stuart Weller presided at the meeting, and 
five Council members were present. 

The following Committees were appointed: 

Keological Survey—W. G. Waterman, Chairman; 
George D. Fuller, V. E. Shelford, W. B. McDougall, R. B. 
Miller, H. 8S. Pepoon, Ruth Marshall, E. L. Stover, C. E. 
Montgomery, Clarence Bonnell and Mary M. Steagall. 

High School Science and Clubs—Guy M. Smith, Chair- 
man; J. A. Clement, Eliot R. Downing, Alice Kibbe and 
F. C. Bohannan. Chairman may add more members to 
the Committee. 


Legislation and Finatice—Dr. Don W. Deal, Chairman; 
Edward W. Payne, Clarence Bonnell, J. C. Hessler and 
J. Paul Goode. 

Conservation—H. C. Cowles, Chairman; M. M. Leigh- 
ton, W. N. Clute and W. H. Haas. 

The following delegates were appointed to represent 
the Academy on the Conservation Council of Chicago— 
Stuart Weller and Paul Hansen. 

Charles T. Knipp was appointed as delegate to the 
American Association for the Advancement of Science. 

The President submitted the following names for 
chairmen of Sections for the 1926 Annual Meeting—Bi- 
ology and Agriculture, Jerome Isenbarger; Chemistry 
and Physies, J. C. Hessler; Geography and Geology, W. 
O. Blanchard; High School Section, Guy M. Smith. The 
Chairman for Medicine and Public Health and for Psy- 


chology and Education sections are to be appointed 
later. 
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Invitations for the 1926 Annual Meeting were pre- 
sented from Harrisburg and Joliet. After some discus- 
sion the Council voted to hold the 1926 Meeting in Har- 
risburg either the latter part of April or the first of May. 

By unanimous vote Clarence Bonnell of Harrisburg 
was appointed Second Vice President of the Academy 
and Chairman of the Committee of Arrangements in 
Harrisburg for the next Annual Meeting. 

Communications were read by the Secretary from the 
American Association for the Advancement of Science 
relative to affiliation relationships between State Acad- 
emies and the A. A. A. 8. Beginning with October 1, 
1925, the A. A. A. S. is to turn over to each affiliated 
State Academy an annual grant from the current funds 
of the A. A. A. §., this grant amounting to 50 cents for 
each annual and each life member of the Academy who 
is also a member in good standing of the A. A. A. S. 

In this way the A. A. A. §. will give financial aid to 
the affiliated Academies. Also, the Association will con- 
tinue to allow and to invite members of affiliated Acad- 
emies to join the A. A. A. S. without paying the usual 
$5.00 entrance fee, paying only the annual dues of $5.00, 
and receiving among other benefits a free subscription 
to ‘‘Science’’ or ‘‘The Scientific Monthly.’’ 

The A. A. A. 8. hopes to enroll on its membership list 
many of the members of the State Academies. Also, in 
order to make the affiliation relationships more helpful 
to all concerned, the A. A. A. S. suggests the working to- 
gether on projects of scientific interest, and the taking 
special part by the affiliated Academies in the A. A. A. 
S. meetings when held in their neighborhood. 

The Council voted to recommend to the Academy at 
the next Annual Meeting that we adopt the proposed re- 
lationships of the A. A. A. 8. 

All members of our State Academy, both Local and 
National, will send hereafter annual dues of $1.00 to our 
Treasurer. It is urged that such annual dues be paid 
October Ist of each year, since the fiscal year of the Ac- 
ademy begins with that date. 

The treasurer submitted for Council action the follow- 
ing names for Academy membership—W. O. Blanchard, 
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Urbana; Edna Paul, Urbana; Mrs. Emma ©. Crummer, 
Urbana; Margaret Savage, Urbana; Margaret Jacobs, 
Urbana; A. 8. Alonzo, Chicago; Dr. David N. Schaffer, 
Chicago; John H. Hugh, Springfield; Sterling G. Brink- 
ley, Jacksonville. By vote the Council approved the 
above list and recommended that these names be sub- 
mitted at the next Annual meeting. 

The Indiana Academy of Science invites members of 
our Academy to attend its Spring Meeting to be held 
May 14-16 at Clifty Park, near Madison, Indiana. Pro- 
grams may be obtained by writing to Prof. E. R. Cum- 
ings, Bloomington, Indiana. 


C. Frank Puipps, Secretary. 
State Teachers College, DeKalb, Il. 


Council Meeting, Joliet, Nov. 7, 1925. 


Our first Vice-President, Mrs. Eleanor C. Smith, in- 


vited the Council members and their wives to take lunch- 
eon with her and a few friends on November 7th at the 
new Chamber of Commerce Building in Joliet. The 
generous hostess and her friends provided autos for a 
drive around the Joliet park system before the luncheon. 

After the luncheon President Stuart Weller called the 
Council meeting to order. Seven of the eight members 
were present. 

The Secretary reported that the Transactions for the 
Springfield meeting were in the hands of the printer, and 
first proofs had been received, corrected and returned. 

The following communication from the Office of the 
A. A. A. S. was read: ‘‘The Association wishes to se- 
cure full and prompt information concerning any move- 
ment that may occur in any of the states aiming to re- 
strict or hamper scientific work or the freedom of teach- 
ing, etc. The intention is simply to make these things 
public as they occur, by means of ‘‘Science’’ and the 
newspapers. Please secure the nomination of a suitable 
representative of the Association in your state to look 
after this question.’’ 
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It was voted that Dr. Don W. Deal of Springfield, 
Chairman of the Legislative and Finance Committee, be 
appointed as the representative of the A. A. A. S. in 
Illinois, and that a copy of the above communication be 
sent to each member of said committee. | 

The Council recommended that the following slight 
changes in the Constitution be submitted at the next an- 
nual meeting: Article III, second paragraph, on Na- 
tional Members, strike out the sentence—‘‘ Each national 
member, except life members of the Academy, shall pay 
an admission fee of one dollar and an annual assessment 
of five dollars.’’ Also in Article III, third paragraph, 
on Local Members, strike out the word ‘‘loeal’’ in the 
second sentence. 

The leaflets giving information about our Academy of 
Science were discussed by the Council and several 
changes suggested. It was voted that the Secretary be 
empowered to have 1,000 more of these leaflets printed, 
with changes made as suggested. 

The Treasurer submitted the following report: 

Cash on hand at last report, Feb. 20, 1925 $ 322.69 


Receipts, Feb. 20 to Nov. 6, 1925, (Local and National Dues, 
Reprints, etc.) 


$ 918.59 
Expenditures Feb. 20 to Nov. 6, 1925, (Expenses of Secretary 
and of Treasurer, expenses of Council Members, Printer’s 
bill for reprints, etc.) 


Cia eee NOG, B, BEGG. 66h. kc kek ickn dnvvthbask@au $ 365.27 


The Treasurer reported for membership 14 names and 
1 Science Club (Edisonian Science Club, Henry, Il.) 
They were approved by the Council with the reeommen- 
dation that the names be submitted at the next Annual 
Meeting. 

Plans for the next Annual Meeting, to be held in Har- 
risburg, were discussed with Mr. Clarence Bonnell, the 
Chairman of the local committee of arrangements. 

The date of the Harrisburg meeting was set, by vote, 
for Thursday evening, April 29, 1926, Friday, April 30, 
and Saturday, May Ist. 

The Council voted that on Thursday evening, April 
29th, a popular lecture should be given; business meet- 
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ing and general session Friday morning; Section meet- 
ings Friday afternoon; General Session Friday evening; 
and Field excursions on Saturday. Any Section could 
continue its meetings on Saturday if it is so voted. 

By vote the following were appointed as a Program 
Committee for the Annual Meeting: President Weller, 
Mr. Bonnell, and the Secretary. 

Adjourned. 

C. Frank Puipps, Secretary, 
DeKalb, Illinois. 


Council Meeting, Harrisburg, April 30, 1926. 


The Council met with the Local Committee of Ar- 
rangements, and final plans for the Annual Meeting and 
the field trips were discussed. 

W. B. McDougall, Treasurer, presented a list of 86 
new names for membership. By vote these names were 
approved, and later were elected at the Academy busi- 
ness meeting. 

Professor Mary M. Steagall of Carbondale presented 
the name of the Southern Illinois Science Club for affi- 
liation with the Academy. The Council approved the 
desired affiliation. 

Dr. Crook, the Librarian, reported that there are on 
hand many volumes of the Transactions, printed at 
Academy expense, which are in excess of 500, and sug- 
gested that such volumes be offered to members, gratis, 
until the number of each volume is reduced to 500. By 
vote the Librarian was authorized to carry out this sug- 
gestion for the disposal and distribution of such vol- 
umes. 

Meeting adjourned. 


State Academy of Science Business Meeting, 10:00 A. M., 
Harrisburg, April 30, 1926. 


The meeting was called to order by President Weller. 
The Treasurer’s report was first called for, and the 
following written report was submitted : 
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TREASURER’S REPORT, APRIL 30, 1926. 


RECEIPTS. 

Balance on hand Feb. 20, 1925 .69 
Annual dues collected .20 
Life membership fees received .00 
A. A. A. S. dues received .00 
Received for reprints from authors of papers, 

Vol. 18, Transactions 171.02 
Received from sale of Transactions .00 
Received for excess pages in Transactions.... 32 
Received as annual grant from A. A. A. S..... 136.00 


— $ 1,302.23 
Total receipts $ 1,302.23 


DISBURSEMENTS. 

Printer’s bill, reprints from Vol. 18, Transac- 
tions and express on same 

To zine etchings for Vol. 18, Transactions 

To postage for mailing Vol. 18, Transactions.. 

A. A. A. S. for dues of new members 

Expenses of Secretary’s office 

Expenses of Treasurer’s office 

Expenses of Capt. Wheeler attending Spring- 
field meeting of Academy 

Expenses of chairman of Psychology and Edu- 
cation Section 

Annual dues of Academy representative on 
Conservation Council 

Secretary’s salary 


Total disbursements $ 892.06 
Balance on hand April 30, 1926 $ 410.17 
W. B. McDoveat., Treasurer. 


The Secretary reported that Vol. 18, Transactions of 
the Springfield meeting, had been sent out early in April 
to all members, and that the Reprints ordered from this 
Volume by authors were expected soon and would be 
distributed upon arrival. 

‘ 


Librarian’s Report. 


During the past year it has become possible to put the 
surplus copies of the various volumes of Transactions of 
_the Illinois State Academy into good order. Thinking 
it to be more desirable to have the extra volumes in cir- 
culation rather than in storage, more than a thousand 
of the free volumes were sent to the Public Schools of 
the State with the suggestion that others could be se- 
cured upon application. Several schools sent in re- 
quests. 
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There are now in our possession the following num- 
bers of each volume: 


Since six volumes show a surplus over the 500 mark 
of from 51 to 175 copies, the question arises as to 
. whether it might not be a good plan to offer to our mem- 
bers any one of these free of charge as long as they last 
till but 500 remain. 

That would be a favor to our members and might place 
500 volumes in libraries where they could be of service. 
The regular call for volumes is somewhat uniform. Vol- 
umes 1, 16, 11 and 6 will probably be the first to become 
exhausted. 

Respectfully submitted, 
A. R. Crook. 


The Affiliation Committee submitted the following re- 
port: The Committee on Affiliations has not been able 
to learn of any scientific Associations in the State that 
might be expected to affiliate with the Academy, in addi- 
tion to those already affiliated with it, and consequently 
wishes to so report. 

Signed, W. S. Baytey, Chairman. 


The EKeological Committee, W. G. Waterman, Chair- 
man, reported progress, and asked permission to present 
a plan of work for the Committee, for the coming year, 
at the final business meeting in the afternoon. 

The Membership Committee, W. M. Bailey, Chairman, 
reported a list of 118 candidates for membership for the 
year. By vote they were all elected members. (More 
were voted in at the afternoon meeting.) This was 
splendid work by the Committee, and it was very grati- 
fying to the Academy to have so many interested in sci- 
ence join at this time. The Committee also reported 
that the Academy had lost during the year 4 members 
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by death, 22 by resignation, and 16 had been dropped be- 
cause of three years arrearage in dues. Total loss 42. 

The High School Science and Clubs Committee, Guy 
N. Smith, Chairman, reported as follows: 

In view of the fact that the outside activities of the 
High School are today so numerous as to conflict with 
one another, it seems to be more difficult for the Science 
Clubs to remain on the list of High School activities and 
to really function in the life of the students. 

The committee this year has not sent out any question- 
naires, or other material in an attempt to stimulate in- 
terest in High School Clubs, but rather have tried to 
present a program in the High School Section of this 
meeting which will interest those in attendance to use 
their influence in forming Science Clubs in the various 
High Schools of the State. 

Dr. H. C. Cowles, Chairman of the Committee on Con- 
servation, urged in his report that we support the new 
State Department of Conservation, with Mr. Stratton as 
Head. Also reported that it is necessary to continue to 
urge the establishment of a Forestry Department, and 
the pushing of the State Park Program. In his address 
later at the General Session, Dr. Cowles spoke at length 
on the above three phases of needed State Conservation. 


No report was offered for the Committee on Legisla- 
tion and Finance, as the Chairman, Dr. Don W. Deal, 
was not present. 


The President appointed the following committees, 
with instructions to report at the final business meeting 
later inthe day: Auditing Committee, J. Harlen Bretz, 
Frank C. Baker, and A. C. Bevan. Committee on Reso- 
lutions, A. R. Crook, C. T. Knipp, J. C. Hessler. Com- 
mittee on Nominations, W. 8. Bayley, W. G. Waterman, 
H. C. Cowles, C. F. Phipps, Mrs. E. C. Smith. 


The following changes in the Constitution, which the 
Council had approved in November, 1925, were presented 
by the Secretary: Article III, second paragraph, on 
National Members, strike out the sentence, ‘‘Kach na- 
tional member, except life members of the Academy, 
shall pay an admission fee of one dollar and an annual 
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assessment of five dollars.’’ Voted to strike out the 
above sentence. 


Also in Article III, third paragraph, on Local Mem- 
bers, strike out the word ‘‘local’’ in the sentence, ‘‘ Each 
local member, except life members of the Academy, shall 
pay an admission fee of one dollar and an annual assess- 
ment of one dollar.’’ Voted to strike out the word 
“*local.’’ 


The new affiliation relations with the A. A. A. 8., which 
went into effect October 1st, 1925, and which were ap- 
proved by the Council April 25, 1925, and published in 
the Council Announcements, were presented to the Acad- 
emy and approved by vote. 

The affiliation of the Southern Illinois Science Club 
with our Academy was approved by vote. 


Adjournment to meet at 5:15 P. M. 


Final Business Meeting, April 30, 5:15 P. M. 


The Auditing Committee reported that the Treasur- 
er’s accounts were found correct. Report accepted. 


The Nominating Committee reported the following 
candidates for offices: For President, Willard N. Clute, 
Joliet; 1st Vice-President, Mary M. Steagall, Carbon- 
dale; Treasurer,. W. B. McDougall, Urbana; Secretary, 
L. J. Thomas, Urbana. By vote the above candidates 
were declared elected. 


This Committee also nominated candidates for the 
Membership, Affiliation, and Publication Committee as 
follows: Membership Committee, W. M. Bailey, Car- 
bondale; R. G. Buzzard, Normal; R. 8S. Poor, Urbana; 
George D. Fuller, Chicago; and Mrs. Eleanor C. Smith, 
Joliet. By vote they were elected to the Committee. 


For the Affiliation Committee, H. A. Geauque, Gales- 
burg; Paul Houdek, Rantoul; F. H. Colyer, Carbondale; 
L. KE. Hildebrand, Kenilworth; C. F. Gronemann, Elgin. 
By vote they were elected to the Committee. 
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The candidate for the third member of the Publication 
Committee, Fred R. Jelliff, Galesburg, was declared 
elected. 


The retiring membership committee reported 21 ad- 
ditional names for membership. They were elected by 
vote of the Academy. With the 118 voted in at the 
morning meeting, this made a total of 139 for the year; 
a loss in membership of 43 for the year left a net gain 
of 96. Previous membership 538, Affiliated Societies 12, 
High School Clubs 4, net gain 96, makes our present 
membership 650, the largest in the history of the Acad- 
emy. 

The Committee on Resolutions handed in a written re- 


port, which will be published in the Transactions under 
seven headings: 


(1) Death of four members during the past year. 


(2) Thanks to the Local Committee and to Harrisburg 
citizens for contributing to the success of this Annual 
Meeting. 

(3) Discovery of the new element ‘‘illinium’’ by B. 8. 
Hopkins, L. F. Yntema and J. A. Harris of the Univer- 
sity of Illinois. 

(4) Advocating Calendar Reform. 

(5) Advocating adoption of the Metric System. 

(6) Advocating Legislative Action against Pollution 
of Illinois Streams. 

(7) Vote of thanks to the retiring Secretary. 

The ahove resolutions were adopted by vote of the 
Academy. 

The postponed report of the EKeological Survey Com- 
mittee was given at this time. It recommended contin- 
uing the committee and suggested a plan of work for the 
coming year. This part of the report was accepted by 
vote. Another part, concerning the printing of 500 sep- 
arates of the report from the Transactions, was referred 
to the incoming Council to take action at an early meet- 


ing. The complete report will be published in the Trans- 
actions. 
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The Academy was informed that both Joliet and De- 
catur had extended invitations for our Annual Meeting 
in 1927. The Council will decide at an early meeting 
which to accept. 


Meeting Adjourned. 


The General and the Section Meetings were both in- 
teresting and profitable. All General Meetings were 
well attended by members and by Harrisburg citizens, 
and most of the Section Meetings had the rooms filled. 
About 160 attended the Geological and Botanical field 
trips on Saturday, under the leadership of Dr. Weller 
and Dr. Cowles, and both trips proved most interesting 
as well as highly instructive. 

Many favorable comments were heard concerning the 
success of the 1926 Annual Meeting. 


C. F. Puiprs, Secretary. 


Report of the Committee on Resolutions. 


The Committee on Resolutions begs to report as fol- 
lows: 


I. During the year past death has removed from 
membership in the Illinois State Academy of Science 
Dr. Walter J. Brown of Danville, 
Mr. George T. Schreiber of Chicago Heights, 
Prof. Wesley N. Speckman of Elmhurst College, 
Mr. J. H. Ferriss of Joliet. 


We mourn their passing, and wish to express to their 
families and relatives our sincere sympathy and our sor- 
row at their passing. 

II. Resolved, That the Illinois State Academy of Sci- 
ence hereby extends its thanks and sincere appreciation 
to the citizens of Harrisburg who have contributed so 
generously to the success of this, our 19th Annual Meet- 
ing, to the Local Committee, to the local newspapers, to 
the Board of Education and the teachers of the city, to 
the Rotary Club, the Kiwanis Club and the Lions Club, 
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and to the citizens who have furnished transportation in 
Harrisburg and on our excursions. 


III. Resolved, That the Lllinois State Academy of 
Science welcomes this opportunity to take cognizance of 
the fact that a new chemical element has been discovered 
through the efforts of Illinois chemists, and hereby ex- 
tends to Dr. B. 8. Hopkins, Dr. J. L. Yntema, and Mr. 
J. Allen Harris its congratulations upon the success of 
their work and its appreciation of the fact that the new 
element—No. 61—has been named dlinium. 


IV. The Illinois State Academy of Science at its 19th 
Annual Meeting desires to express to Senators and Rep- 
resentatives of Illinois in the United States Congress the 
hope that our legislators will take such action as is pos- 
sible toward changing the Calendar now in use in this 
and other countries. 


From mathematical, astronomical, and business con- 
siderations the present Calendar has long been recog- 
nized as inexact, inconvenient, and unsatisfactory. 


Eminent scholars and men of business are agreed that 
academic discussion is no longer needed and that the 
time is ripe for action. 


England, Switzerland, France and other nations are 
considering this question, and we earnestly hope that 
our Representatives in the Councils of our Nation will 
help to secure this much needed reform in the Calendar. 


The Secretary is instructed to send a copy of these 
resolutions to the Legislators concerned. 


V. Be it Resolved, That the Illinois State Academy 
of Science again favors unreservedly the adoption of the 
Metric System of Weights and Measures. The advan- 
tages of this system are too obvious to need detailed dis- 
cussion. 


VI. Be it Resolved, That the Illinois State Academy 
of Science again urges the State Legislature to pass such 
legislation as is needed to stop the pollution of streams 
within the borders of this state either by industries or 
by municipalities. 
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VII. The Illinois State Academy of Science learns 
with keen regret of the resignation of its Secretary, Pro- 
fessor C. Frank Phipps, of the Illinois State Teachers 
College, DeKalb. Professor Phipps has served the 
Academy untiringly since his election as Secretary at 
the Carbondale meeting in 1921. During this time the 
Academy has experienced a substantial growth in all its 
departments, the success of which is in no small measure 
due to the efficient work of its Secretary. In recognition 
of the foregoing the Academy extends a vote of thanks 
to Professor Phipps with the hope that it may continue 
to profit by his helpful counsel and advice. 


A. R. Crook, Chairman, 
C. T. Knipp, 
J. C. Hessier, 
Committee. 


Report of the Committee on Ecological Survey. 


The present Committee on Ecological Survey recom- 
mends the appointment of such a committee by the in- 
coming Council, and that the work be continued along 
the following lines: - 


1. That the State be divided geographically among 
the members of the Committee. 


2. That each member first make a survey of papers 


reporting ecological studies made in his district, includ- 


ing a special study of the records of the Natural History 
Survey. 


3. That each member try to list all areas in his dis- 
trict which are worthy of study and report. 


4. That the Committee endeavor to secure detailed 
study of suitable typical areas by High School, College, 
or University workers along the lines of morphological 
synecology. The preparing of lists of organisms is 
valuable but does not give a complete record in that 
there is no suggestion as to the relative numbers or im- 
portance of the different species, therefore such lists 
should be supplemented where possible by figures giv- 
ing either percentages or actual number of individuals 
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in quadrats. Quadrat maps are also valuable and should 
be made whenever possible. These studies should be 
carried on with the purpose of furnishing as complete 
a record as possible of the present composition of plant 
and animal communities. 


W. G. Waterman, Chairman, 
Grorce D. Fuuer, 
V. EK. SHerorp, 
W. B. McDovaatt, 
R. B. Mixer, 

H. S. Pepoon, 
RutH MarsHAt., 
K. L. Stover, 

C. E. MontTcomery, 
CLARENCE BonNELL, 
Mary M. Sreacat, 


Committee. 
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PAPERS PRESENTED AT GENERAL SESSIONS 


THE MAKING OF SOUTHERN ILLINOIS. 


Sruart Wetter, University or Cuicaco. 


Sometime in the course of the ascent of man from his 
prehuman ancestors, the mental characteristic which we 
commonly call curiosity made its first appearance. With 
the-entrance of curiosity into the makeup of animals the 
beginning of real intelligence made its appearance. This 
intelligence certainly originated among creatures of a 
lower order of development than man himself. Doubt- 
less it is because of the keener sense of curiosity which 
appeared in the man animal that the human race has so 
outdistaneced all competitors. When men began to 
wonder about the reasons for things and began to seek 
out the causes for the great variety of natural phenom- 
ena which surrounded him, he began the ascent of the 
intellectual ladder whose many steps he has already 
climbed, but from the top of which he is still much farther 
removed than from the bottom. In the early stages of 
this intellectual growth he had no perception of natural 
law, and of necessity he had to explain the phenomena 
of nature through supernatural agencies, and thus grew 
up the creation myths as well as other myths and stories 
to explain the movements of sun and moon and stars, 
and to account for all of the unexplainable phenomena 
about him. Many, many generations passed before 
man’s intelligence began to give him some conception of 
the workings of the laws of nature. From time to time 
some great genius undoubtedly arose whose sense of 
curiosity was more intense than that of his fellows and 
who was capable of searching more deeply into the rea- 
sons for things and who was really able to make some 
addition to the exact knowledge of the human race. 
Comparatively few generations of men have passed since 
Newton formulated the law of gravitation, perhaps the 
most far reaching of all natural laws. Copernicus who 
founded all modern astronomy by his discovery that the 
earth was not stationary but revolved about the sun, was 
born less than 500 years ago. Even today the vast ma- 
jority of human beings, and among them great numbers 
of our own people, have but little conception of the mean- 
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ing of science, and still hold to all sorts of supernatural 
explanations of phenomena which they observe every 
day. 

Reduced to its last analysis Science is the search for 
the reasons for things. Every man of science knows 
that every phenomenon in nature has a cause, a reason, 
and just as truly every phenomenon has an effect. The 
search for the casual relations of all these phenomena is 
his task. If he is unable to discover a reason for the 
facts which he observes, he does not appeal to some 
supernatural explanation, he knows that his researches 
have not yet penetrated deeply enough into his problem. 
The men of science of our generation are those in whom 
the sense of curiosity concerning nature is most keenly 
developed. They are continually asking themselves the 
question ‘‘Why?’’ and are never satisfied until some 
reasonable and logical explanation is found for their 
questioning. Every child starts his career as an active 
researcher. He observes all sorts of strange and curi- 
ous phenomena about him which arouse his curiosity, 
and he repeatedly asks the question ‘‘Why?’’. All too 
often his questioning soon surpasses the ability of his 
parents and teachers to make answer and he is told not 
to ask such foolish questions. Doubtless many an able 
man of science has been lost through the stifleing of 
childish questioning. Fortunately a few remain in whom 
this curiosity cannot be stifled, else the progress of our 
race would come to a standstill. 

Among the phenomena which early attracted the at- 
tention of men were the features of the landscape which 
surrounded him, the hills and valleys, the mountains and 
the sea. Because of their apparent stability, explana- 
tions for these phenomena were not sought for as early 
as were the phenomena of the apparently moving heav- 
enly bodies. If any thought at all was given to the sub- 
ject, it was assumed that the hills and valleys and moun- 
tains and seas had always been there and would always 
remain. This conception is still with us, and not infre- 
quently we see references made to the everlasting hills, 
although every geologist knows that neither the hills 
nor the highest mountains are everlasting. Another 
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group of objects which came to the attention of many 
early observers were the specimens of fossil shells ob- 
served in all sorts of situations. During the middle 
ages these objects aroused much discussion and numer- 
ous explanations were offered for them. Some thought 
them to be sports of nature, some believed them to be dis- 
cards thrown aside by the creator of all things, but the 
final explanation which seemed to satisfy most men was 
that they were the remains of sea animals which were 
swept from the sea and were lodged upon the land 
through the agency of the Noachian Deluge. Of course 
the geologist today knows that these objects are the re- 
mains of once living animals and plants, many of them 
marine, that have once lived and flourished in the places 
where they are now found, at times when the ocean 
waters covered areas now dry land, but which were for- 
merly parts of the sea bottom. 

It was only a little more than a hundred years ago that 
students of geology began to realize that the present 
configuration of the earth’s surface has been established 
through the agency of slowly acting processes which are 
in operation today, and which have been continually in 
operation for long periods of time, rather than through 
abrupt, cataclysmal revolutions which occurred at com- 
paratively short intervals. We have come to realize 
that geological time is long, exceedingly long when meas- 
ured by the scale of human existance, the duration of 
geological time being comparable, in a degree, to the 
vast extensions of space recognized by the astronomer. 
Furthermore, as we come to know more and more of the 
earth’s history we have become convinced of the greater 
and greater duration of geologic time. In the history of 
the earth a million of years is as but yesterday, and 
forces and processes which seem to be but little effective 
when seen from day to day, are capable of tremendous 
effects when they are continued over long enough per- 
iods of time. The transfer of material from the hill 
tops to the valleys is of common observation to all of us 
who have been upon any of our hill roads during a Sum- 
mer shower, and if time is long enough and enough show- 
ers fall upon the hill, the time will come when the hill 
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will be leveled to the plains. In the geologic past this 
very thing has happened repeatedly. Mountains as 
high as the highest upon the earth today have been worn 
down to the level of the sea. Other mountains have 
been raised up and these again have been leveled to the 
sea. 

The geologist interprets the history of the earth’s 
past, recorded in the rock strata of its crust, through an 
understanding of the processes which are active today. 
It goes without saying that in erecting a pile of lumber, 
the boards in the bottom of the pile were laid first. Like- 
wise in the succession of rock strata in the earth’s crust 
the lowermost beds in any given region are, axiomatic- 
ally, the ones which were laid down first, and consequent- 
ly are the oldest. If the solid rock formations were 
everywhere uncovered, and if they had never been dis- 
turbed, it would be a comparatively simple matter to 
trace the beds from place to place and so establish their 
true relationship. Such, however, is not the situation in 
most regions. The hard rocks are to a great extent cov- 
ered with an unconsolidated residuum and soil. In parts 
of Illinois whole counties are without a single hard rock 
outcrop within their boundaries, and in many others the 
outcrops are so few and far separated that no tracing 
of the beds is at all possible. In other places the rock 
strata have been so broken into blocks which have been 
shifted to such an extent up and down and horizontally 
in relation to each other, through the agency of great 
deformative processes, that the several beds are discon- 
tinuous’ at frequent intervals. Under these conditions 
it has been necessary for the geologist to establish some 
means of tracing given rock beds from place to place, 
and long study has shown that the only reliable criterion 
for this purpose is found in the fossil organisms which 
are present in the rocks. 

These organisms are really the record of the evolution 
of the life of our globe, the scattered remains of succeed- 
ing generations which exhibit the gradual changes 
through which living creatures have been passing. The 
life of no period of geologic time is the same as that of 
the preceeding or of the succeeding period, and conse- 
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quently a knowledge of the succession of living things 
upon the earth affords us a most reliable criterion for 
the determination of the relative ages of the rock strata 
which come under our observation. It must be recog- 
nized that knowledge of these long extinct living inhab- 
itants of the earth is as yet but fragmentary, but every 
year adds to our information, and we can already make 
application of the accumulated facts in our interpreta- 
tion of geological history in such a manner as to be of 
great service. With added information greater and 
greater refinements in our interpretations will become 
possible. 


If the earth’s crust had undergone no deformative 
changes during its long period of existence, all sediments 
which have accumulated under marine waters, and in 
which were buried the remains of marine organisms, 
would still be submarine in position and would be inac- 
cessible for study. It is known, however, that crustal 


movements have taken place even in historical time. Cer- 
tain portions of our shore lines are known to be rising rel- 
ative to the ocean level; and other portions are sinking. 
Not infrequently violent earthquakes occur, in the course 
of which notable crustal changes take place. Rocks 
which are manifestly of marine origin because of the in- 
clusion of the fossil shells of marine animals are now 
present in situations thousands of feet above sea level, 
and they must have been elevated to their present posi- 
tion or the sea level must have receeded. Both of these 
things doubtless have occurred. Rocks which must have 
been formed originally as nearly flat lying sediments de- 
posited in water, are now steeply inclined in many places 
and are even folded and are crushed and broken, all of 
which shows the existence of.tremendous forces which 
have been at work in the earth growing processes. By 
reason of such deformations rocks once beneath the sea 
have been raised far above sea level, and immediately 
the erosion processes of water falling as rain and always 
seeking a lower level, have started, and if continued long 
enough the elevated areas gradually have been worn 
down to sea level, just as the hills between Harrisburg 
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and the Ohio river are gradually being worn down by 
every rain. 

Because of the almost universal deformation of the 
rocks of the earth’s crust, and because of the varying de- 
grees of erosion which have been accomplished, sedimen- 
tary rocks of all ages from the Proterozoic to the pres- 
ent, are exposed somewhere at the present earth’s sur- 
face. In future geologic periods rocks which are now in 
existence at the surface will have been worn away and 
their materials will have been carried down the streams 
to the ocean, to be redeposited to form younger rocks 
such as are now accumulating in the delta of the Missis- 
sippi river. 

Our present knowledge of the earth has progressed 
far enough to make it possible for geologists to recog- 
nize a number of distinct divisions of geologic time. Of 
course time is continuous and uninterrupted, and it is 
only by means of events which occur that we can divide 
time which has past into distinct periods. In our sub- 
division of time in human history we are likewise wholly 
dependant upon the occurrence of events. During the 
fifteenth century of the human era sea faring men began 
to grow more daring because of the discovery of the 
magnetic compass which made it possible for them to 
keep their direction when out of sight of land and when 
the stars of the heavens were hidden by clouds. As they 
became more daring and more confident one man at last 
sailed away to the west from Europe’s shores and dis- 
covered a new continent which was wholly unknown to 
the European races. This event initiated a new period 
in human history of the utmost importance. The events 
which led to the declaration of war in Europe in 1914 
initiated a period of human history which has changed 
and is changing the destiny of most of the nations of the 
world. Some well recognized periods in human history 
have been ushered in gradually, like the transition of 
our season of Spring into Summer, while others have 
been started abruptly and unexpectedly like the begin- 
ning of the great World War. Geological historical 
pericds are not unlike those in human history. They 
are marked off by events such as the growth of great 
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mountain ranges, or the appearance of a new type of life. 
In some cases the transition from one period to another 
is abrupt, and is accomplished in an exceedingly short 
time, geogically speaking, at other times the transitions 
have been slow and it is difficult to set a precise boundary 
between successive periods, although the periods them- 
selves are clearly distinct. 

It has come to be the custom of geologists to base the 
larger eras in Earth history upon the character of the 
life existant at the time. Azoic time was an era during 
which no life existed. Eozoic was the era of the dawn of 
life with the introduction of unicellular organisms. 
Archaeozoic was the age of larval life, and Proterozoic 
the age of primitive invertebrates. All of Earth history 
to the close of Proterozoic time is so ancient that our 
information is most hazy, and for the Azoie and Kozoic 
times there are perhaps no rock records known.  Fol- 
lowing the Proterozoic we come to eras concerning which 
our information is much more complete, although still 
lacking immensely. .The Paleozoic era is the time of 
ancient life, but still presenting life forms which are 
more or less remotely. related to our contemporaneous 
life. The Mesozoic era is the time of medieval life hav- 
ing far more in common with the living creatures of the 
Karth today, although almost wholly different. The 
Cenozoic era is the time of modern life during which the 
inhabitants of the earth have been much like those which 
now exist. The last or Psychozoic era is the age of man. 

Each one of these great eras is again divided into 
lesser periods which commonly have been named geo- 
graphically from some district where rocks representing 
the period are well exhibited. One great period of the 
Paleozoic which holds the middle portion of the era has 
been named the Devonian because it was first studied, 
and its fossil life first deseribed, from Devonshire, Eng- 
land. Following the Devonian is a great period known 
as the Mississippian, so named because the rocks com- 
prising it are so fully and widely represented in the Mis- 
sissippi Valley region of this country. Succeeding the 
Mississippian is the period during which the great coal 
formations of eastern North America were laid down, 
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which has been named Pennsylvanian because the rocks 
are so widely developed in the state of that name. 

By reason of the action of the processes which have 
been described all too briefly, the hard rocks which are 
now exposed at this stage of the earth’s history in south- 
ern Illinois, belong to the three periods of earth’s his- 
tory just mentioned, the Devonian, the Mississippian 
and the Pennsylvanian, which are the three closing 
periods of Paleozoic time. The Devonian rocks are now 
exposed only in a limited area in Hardin County, in what 
is known to the geologists as the Hicks dome. This is a 
structure which is comparable to a great bubble blown 
in the earth’s crust, doming up the rocks towards the 
surface. Associated with this process of uplift, the ac- 
tion of the process of erosion in cutting away the over- 
lying and higher strata, has permitted these older beds 
to become exposed at the surface. It must not be in- 
ferred that this suggested bubble is filled, and that the 
Hicks dome is supported by any gaseous material such 
as air, although it is not improbable that it was origin- 
ally formed and that it is now supported by a mass of 
material which was injected into the crust beneath the 
present dome in the form of moulten rock or lava which 
is now completely cooled and solidified. 

The southern slope of the range of hills to the south 
of Harrisburg is underlain by rocks of Mississippian 
age, while the higher parts of the hills are made up of 
rock strata of Pennsylvanian age. These Pennsylvan- 
ian rocks continue northward, dipping to a lower and 
lower position, until at Harrisburg the same strata 
which are exposed at the tops of the hills are here far 
beneath the surface. The coal beds which are so exten- 
sively mined in southern Illinois belong stratugraphical- 
ly far above the sandstone ledges which form the tops 
of the hills. At one time, long before the birth of the 
Ohio river, the coal beds undoubtedly continued over the 
hills and across the Ohio river and joined up with the 
existing coal fields of western Kentucky. All of these 
strata have been removed by the slow processes of eros- 
ion, and not less than three thousand feet of hard rock 
strata have been worn away in this manner from the 
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southern border of Hardin County and from the adja- 
cent portion of Kentucky. 

The Devonian rocks exposed in Hicks dome continue 
in all directions from this limited area of outcrop, but 
they are covered and completely hidden by the younger 
strata. Occasionally a deep drill hole is sunk in the 
search for oil or for some other purpose, and these deep- 
ly buried strata are penetrated, and from such evidence 
much information has been derived by means of which 
the geologist has been able to draw conclusions concern- 
ing events in earth history. We know that these Devon- 
ian rocks are continuous beneath the surface from their 
area of exposure in Hardin County, across southern Illi- 
nois to Union County where they are again exposed at 
the surface, and in southeastern Missouri. In the east- 
ern direction they are completely hidden beneath 
younger strata to southern Indiana and the adjacent 
part of Kentucky near Louisville. These oldest Devon- 
ian rocks are limestones in which are buried numerous 
fossil shells of marine animals, and we can assert with 
confidence that during this time this portion of southern 
Illinois formed a part ‘of the bottom of a great, shallow 
sea, which extended as far to the northeast as New York 
State, as far to the north as Canada, and as far to the 
east as the Allegheny Mountains. This sea had great 
islands, one extending to the north from where the city 
of Cincinnati, Ohio, now stands, and another in central 
Tennessee about where the city of Nashville now exists. 
A study of the life of this great sea, preserved to us as 
fossils in the rocks which accumulated as sediments upon 
its bottom shows us that it did not extend west of the 
Mississippi river except in southern Missouri. To the 
south this great interior sea must have had connection 
with the open ocean. 

The situation which has ‘oat been described existed 
in the middle portion of the Devonian period, and at the 
end of Middle Devonian time it is known that great erus- 
tal disturbances took place in southeastern Missouri. 
Great faults were formed there having a maximum dis- 
location of the beds as great as 1000 feet. There is no 
evidence to show that any similar deformative disturb- 
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ance took place in southeastern Illinois, but the great 
earthquake tremors which these Missouri disturbances 
must have created, certainly affected this portion of Illi- 
nois. In southeastern Missouri these disturbances left 
the ancient sea bottom well above sea level, and it is not 
improbable that southern Illinois also for a time was 
dry land, although it was certainly again submerged in 
late Devonian time, when it became a part of a wide- 
spread interior sea extending from the Appalachian 
Mountains on the east to Oklahoma on the west, and as 
far north as lake Erie at least. It likewise extended as 
far to the southeast as Chattanooga, Tennessee, but its 
southern extent is hidden beneath much younger sedi- 
ments. From the character of the deposits which were 
accumulated in this late Devonian sea, we know that the 
waters must have been in a more or less stagnant condi- 
tion. The sediments were fine muds with a large admix- 
ture of organic matter which has given to the conse- 
quent shales an intensely black color. Quantities of the 
minute spore cases of an ancient type of plant were 
buried in these muds and are now preserved in the fos- 
sil condition. Animal fossils are scarce, and those that 
are present show that the sea was not a typical body of 
marine water, and that it had only indirect communica- 
tion with the ocean waters surrounding the continent. 

This great interior sea with its more or less stagnant 
waters must have existed for a long time, humanly 
speaking, for no less than 400 feet of the characteristic 
black shales were accumulated in its bed at least locally. 
This period, however, was brief as geologic time is reck- 
oned, and at its close the whole of southern Illinois was 
elevated above sea level for a considerable time, during 
which the surface was subjected to the tearing down 
process of erosion, which is always initiated as soon as 
any surface becomes emergent, the vigor of the eros- 
ional process being proportional to the amount of topog- 
raphic relief above the sea. 

When at last the region again became submerged be- 
neath the sea because of local crustal.deformation or be- 
cause of a rise in the sea level on account of changes else- 
where, the conditions were vastly different from those 
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during which the great accumulation of Devonian black 
shale had taken place. At the time of this submergence, 
earth history had passed from the Devonian into the 
Mississippian period, and the early Mississippian sedi- 
ments accumulated here were in the main limestones 
whose fossil contents consists of typical marine organ- 
isms. Fora long period of time this early Mississippian 
sea continued to cover what is now southern L[llinois. 
The earliest records of the existance of this sea in the 
region under consideration are in the exposures of lime- 
stone formations encircling the Hicks dome already men- 
tioned, although in most of the region these rocks are 
more or less deeply buried beneath the younger sedi- 
ments. A little later record of this same submergence, 
with its limestone depositing waters, is exhibited in the 
great limestone bluffs of the Ohio river which are more 
or less continuously exposed from Rosiclare to Cave-in- 
Rock, in Hardin County, and these limestones are like- 
wise present in that portion of the same county that is 
now so thickly set with sink holes. 

Several distinct limestone formations exist in the rock 
record of this period’ of our geological history, these 
formations being distinguished by the character of the 
rock strata themselves and in the differences in the as- 
semblages of fossil animals whose remains are buried 
in the rocks. The changes which are mirrored in the 
several distinct formations, were occasioned through 
changes in the outlines of the sea, in the depths of the 
water, in the purity of the waters and their freedom 
from sand and silt. The more pure limestones are con- 
stituted largely of calcium carbonate which was first sep- 
arated from solution in the sea waters through the 
agency of shell forming animals. In some cases such 
shells were buried with little or no injury in the lime 
muds of the sea bottom, others of them were broken up 
into fragments, even into fine powder, by the movement 
of the waters, to help form the lime muds. Doubtless 
many bacteria were present in many localities whose life 
processes caused large amounts of the lime to be sepa- 
rated from the sea waters to be accumulated in limestone 
forming sediments. 
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The sea which covered southern Illinois during this 
time was a widespread body of water over the interior 
of the continent. It spread northward in the present 
Mississippi valley at least as far as lowa and northern 
Illinois, and doubtless at times it continued into southern 
Wisconsin. At the time of its greatest extent it spread 
as far to the northwest as Montana, and as far to the 
southwest as New Mexico. To the southeast it stretched 
as far as Alabama and Georgia, but it was limited on the 
east by a great land mass which occupied a position east 
of the present Appalachian Mountains, known as Appa- 
lachia. It doubtless had free communication with the 
open ocean by some southern route. During a portion 
of the time the Ozark region of Missouri constituted a 
great island, Ozarkia, from whose surface the processes 
of erosion were carrying rock forming materials to the 
sea to form shales, sandstones and impure. limestones. 
At other times this island was entirely submerged when 
it was no longer a source of land derived sediments and 
consequently more pure limestones were accumulated. 
Another great low-lying island, Cincinnatia, extended 
northward from the Ohio river in the vicinity of Cincin- 
nati, Ohio, to the east of which was an arm of the sea 
extending into Michigan, in which little limestone was 
formed because of the great Appalachian lands lying to 
the east, which was a continuous source of supply of non- 
calcareous rock forming materials. The shore lines of 
this great interior sea were shifting continuously by rea- 
son of the crustal movements of the earth, but there is 
no evidenge that southern Illinois was raised above sea 
level before the close of the period. This great succes- 
sion of limestone sediments formed during the first half 
of Mississippian time is known as the Iowa Series be- 
cause of its great development and its first description 
in that state. 

This Iowan sea was teeming with life in great variety 
of form, but instead of the clams and snails which make 
up so great a part of the faunas of our present oceanic 
waters, there were great numbers of brachiopods and 
crinoids, types of life which are only rarely met with in 
the seas today. Besides these there were a few trilo- 
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bites, a life form which is now wholly extinct, some snails 
and clams, and some corals. All these forms which have 
been mentioned are creatures which secreted hard, stony 
shells of some sort that were capable of fossilization. 
There were great numbers of fishes also, all of them re- 
lated to the sharks, some of which must have grown to a 
large size, whose sole records are their fossilized teeth 
and fin spines. Besides all of these forms doubtless 
there were great numbers of entirely soft bodied ani- 
mals, as there are in the seas today, wholly incapable of 
leaving a record of their existence, as well as numbers 
of sea weeds of various sorts. 

Following the long period of limestone formation in 
southern Illinois during Iowa time, the entire area was 
raised above sea level, indeed it is not unlikely that the 
whole of the interior of the continent became a dry land 
surface. The processes of erosion at once became ac- 
tive, but because of the low relief of the land in the re- 
gion under consideration, erosion did not progress rap- 
idly, and no great thickness of the accumulated limestone 
was removed. This emergent condition of the region 
continued for a considerable period of time although it 
was not long enough to permit all of the forms of animal 
life which had inhabited the Iowa sea to become extinct 
before a new submergence took place. With the next 
period of submergence in southern Illinois, the condi- 
tions for the accumulation of sediments were greatly 
different from those during the making of the Iowa 
Series of limestones. The rock forming materials were 
no longer almost pure lime, but included also great quan- 
tities of sand and fine mud, which were built into the 
great succession of formations which are known as the 
Chester Series. At the present time these Chester: for- 
mations constitute the surface rocks upon much of the 
southern slope of the range of hills south of Harrisburg, 
and in places they continue clear to the Ohio river bluffs 
and across the river into Kentucky. The basin in which 
this series of rocks were accumulated was much different 
from the widely spread interior sea where the limestones 
of the Iowa series were formed. So far as southern IIli- 
nois was concerned it was simply a great embayment 
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reaching northward between Cincinnatia on the east and 
Ozarkia on the west, the head of this bay being some- 
where near the mid-length of the state of Illinois. Great 
rivers emptied into this embayment, doubtless having 
their source far to the north in what we know as Canada. 
These rivers carried much sand and fine mud which was 
dumped into the Chester embayment, and by the wash- 
ing of the waves along the shores the materials were 
assorted and deposited in different places, the sands, 
representing the coarser materials settling near the 
shore, while the finer materials in the form of mud were 
held in suspension much longer and were carried out and 
finally settled in the deeper waters at a distance from 
the shores, to form the shale beds which are such a con- 
spicuous feature of the Chester series. In places, in 
these deeper waters, conditions were favorable for the 
existance of a wonderful variety of living animals, and 
their calcareous remains were buried in the calcareous 
shale beds where they have been changed into fossils 
which may now be gathered in great abundance locally. 
There were places also in this Chester sea where the 
conditions were favorable for the accumulation of pure 
limestones, and these formations are now present in 
many of the exposures of the Chester rocks. 

If the shore line of the Chester embayment had re- 
mained stationary throughout Chester time, there would 
have been formed one great sandstone formation near 
shore, which would have become finer and finer in an 
off shore direction, finally merging into shale beds 
formed from the fine muds which were held in suspen- 
sion longer, and these shales in turn would merge into 
limestone still farther off shore. Such conditions, how- 
ever, did not prevail. The shores of this embayment 
were constantly shifting, and areas which at one time 
were submerged became dry land at other times. In the 
main the changes which took place during this period 
consisted of a succession of withdrawals of the waters 
of the Chester embayment, either because of the rising 
of the region or because of the lowering of the general 
sea level, followed by readvances when the waters again 
occupied the territory which had previously been aban- 
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doned. At a number of intervals during the Chester 
epoch, the whole of southern Illinois must have been ex- 
posed above sea level, with the shore line somewhere to 
the south, doubtless across what is now Kentucky. Per- 
haps it was even farther removed than this. Because 
of these shiftings of the shore line, that portion of south- 
ern Illinois where the Chester rocks now form the sur- 
face, was successively within the zone of sand accumula- 
tion, and of shale and limestone formation, so that now 
the Chester rocks which have been built into the earth’s 
crust consist of an alternating series of rocks of these 
different characters. The evidence afforded by the 
Chester section of this portion of the state shows us that 
there were no less than eight shiftings back and forth 
of the shore line. Some of the withdrawals were more 
extensive than others. Finally the Chester seas with- 
drew completely, not to return, and with this withdrawal 
the whole of the southern portion of the North American 
continent doubtless became dry land. 

For a long time after the final withdrawal of the Ches- 
ter sea from southern Illinois, this portion of the con- 
tinent remained as dry land. It undoubtedly supported 
a rich vegetation which was far different from that which 
now covers the region. Instead of the usual types of 
forest trees and herbaceous and shrubby plants with 
which we are familiar, a large number of the trees and 
other plants were ferns or fern like in their habit, others 
were relatives of the little club mosses of the more north- 
ern portion of our country which now grow only a few 
inches in height, and do not occur at all in southern Illi- 
nois. Others were great tree like relatives of our little 
horse tails which now grow as slender plants only a foot 
or two high at the most, and still others were cone bear- 
ing trees with long and broad grass-like leaves. No- 
where in all of these forests was there a single repre- 
sentative of the plants bearing showy and sweet scented 
flowers which make our present landscapes so beautiful. 
The air breathing animals of these forests were also 
strange forms when compared with those we now en- 
counter here. Doubtless there were numerous forms re- 
lated to, our living salamanders, lizard-like forms whose 





42 ILLINOIS STATE ACADEMY OF SCIENCE 


early life stages were spent in the waters of ponds and 
swamps, just as the aquatic tadpole today is the early 
stage of the toad or frog. Perhaps there were a few 
reptiles, lizard-like creatures whose whole life was spent 
on land as air breathers. There may have been some 
land snails, and other fresh water molluses both snails 
and clams. Flying about in these forests were numer- 
ous insects, mostly of the cock-roach and dragon-fly 
types, some of which were large compared with the ones 
we are acquainted with. One Carboniferous dragon-fly 
with wingspread of thirty inches is known, but not in 
Illinois, and some of the cock-roaches of the period are 
known to have been more than a foot in length. 

This dry land period was the beginning of what we 
call Pennsylvanian time, and while the conditions which 
have been mentioned prevailed here, great accumula- 
tions of terrestrial deposits consisting of coarse sands 
and conglomerates and some coal beds were accumulat- 
ing to the east along the border of old Appalachia, all 
the way from Pennsylvania to Georgia. Likewise to the 
southwest, in Oklahoma and beyond, great accumula- 
tions of aquatic sediments, part of which at least were 
marine in origin were in the course of accumulation. 

How long this terrestrial condition continued in Illi- 
nois cannot be measured in years, but it was an immense- 
ly long time humanly speaking, and even from the stand- 
point of the geologist it was a notable interval. During 
this time the land surface was undergoing erosion and 
down-wearing, but the region was not highly elevated 
above sea level so that this erosion was not as vigorous 
as in more mountainous regions. Great river systems 
were doubtless developed, however, and some hundreds 
of feet of older sediments were removed, and in places 
perhaps much more. 

Finally, probably with the accompanyment of sinking 
of the land surface, a great wash of terrestrial sedi- 
ments, similar to those which had been accumulating for 
a long time farther east, overspread this region. They 
consisted of coarse sands and conglomerate beds which 
filled up the depressions of the uneven surface contour, 
with at times finer sands and sandy shales. Locally the 
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conditions were favorable for the accumulation of quan- 
tities of vegetable material in certain swamps, which 
first formed peat and later became consolidated into 
coal. These sediments constitute the record of the late 
Pottsville epoch of the early Pennsylvanian time, and 
they now form the crest of the so-called Ozark ridge ex- 
tending east and west across the state south of Harris- 
burg. These same beds at Harrisburg are far beneath 
the surface, because of their northward dip brought 
about by later deformation in the region, but when they 
were originally laid down they must have been essential- 
ly horizontal. 

After a time this region, extending to the position of 
the present Ohio river, and far to the south beyond this 
line, as well as extending northward well up into north- 
ern Illinois, and out across Lowa, Missouri and Arkansas 
to Kansas and Oklahoma, became stabalized at a level 
not far from that of the ocean surface. Upon this low, 
flat expanse, the drainage became more or less stagnant 
and great swamps came into existence, at times of great 
extent, in which the abundant remains of vegetation 
slowly collected. The conditions were such that this 
vegetable matter did not readily decay, and it accumu- 
lated first as great beds of peat. At times conditions 
about this great basin changed, perhaps by reason of a 
slight elevation of lands to the north, so that quantities 
of fine sands and muds were washed down, which buried 
the great peat beds under strata of sandstone and shale. 
At other times a slight depression of the area, or per- 
haps the elevation of the sea level for some reason, 
caused marine waters to overspread the basin in which 
thin limestone beds, some nearly pure and others more 
or less impure, including characteristic marine shells, 
were formed. At other times some of the muds were 
lain down under marine conditions, a fact that we know 
because of the presence of marine shells. Such condi- 
tions were followed by a recurrence of swamps in which 
more peat beds were formed. By a succession of changes 
of the sort mentioned above there was built up the great 
series of sandstones, shales, coals, and limestones which 
constitute the present section of the Illinois coal basin. 
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The great weight and consequent pressure of the super- 
imposed strata upon the peat beds of the series, caused 
these layers gradually to be transformed into the coal 
beds which make the region about Harrisburg, and else- 
where in southern Illinois, so rich in this important min- 
eral substance. 

At the time when all this accumulation of materials 
was in progress, the several strata were laid down in an 
approximately horizontal position. The coal beds con- 
tinued southward from the present Harrisburg region, 
across the area now occupied by the more southern coun- 
ties of the state, and connected with the coal fields of 
western Kentucky. The existence at the present time, 
in this interval between the Illinois and Kentucky coal 
basins, of rock formations much older than the coal bear- 
ing strata, at elevations much higher than the present 
position of the Illinois coals, shows that some deforma- 
tion of the earth’s crust has taken place. It is a prob- 
lem for the geologist to explain this condition, to find the 
reason why this portion of the earth’s crust has been 
thus deformed, and if possible the time when it was ac- 
complished. A significant fact concerning this uplifted 
area is its position directly east from the Ozark region 
of Missouri, which for some reason was uplifted repeat- 
edly during the whole of Paleozoic and even later geo- 
logic time. It is not unlikely that this elevation in IIli- 
nois was due in part at least, to its proximity to and its 
connection with the Missouri Ozarkia, so that it is not at 
all improper to speak of this highland portion of the 
state as’a continuation of the Ozarks. The popular 
recognition of such a connection is evidenced in the ap- 
plication of the name Ozark to a small town in this por- 
tion of Illinois. 

The present elevation of the Illinois Ozarks is by ne 
means equal to their original height. Some hundreds of 
feet, perhaps more than a thousand feet have been re. 
moved by erosion from the tops of these hills, and at one 
time they must have been much more formidable as a 
mountain range than they are now, although they never 
could have been really high mountains. The reason for 
the present elevation is not the fact that the area was 
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bowed up in some far distant time in the past, but be- 
cause the older rocks which have been uncovered by eros- 
ion are harder and far more resistent to these processes 
than are the strata to the north. If it had happened 
that in the building of this portion of the earth’s crust 
that the older rocks were soft and easily worn away, and 
the younger ones much harder, there would have been a 
depression or valley marking the belt of uplift at the 
present time, instead of a range of rugged hills. 

In the more eastern portion of this elevated belt across 
Illinois, another factor than proximity to the Missouri 
Ozarks has entered into the reason for the elevation. As 
has been indicated already, limestones as old as the 
Middle Devonian are exposed in the Hicks dome in Har- 
din County. If all the rocks which have been eroded 
could be replaced over this dome, those strata which 
now form the highest portion of the Ozark ridge would 
occupy a far higher position over the dome. With this 
elevation as well as the added height of the still younger 
strata which have now been removed from the entire 
ridge, this Hicks Mountain must have been a towering 
peak standing well above its surroundings. 

Another significant fact associated with this eastern 
portion of the Illinois Ozarks, is the existence of numer- 
ous dikes of igneous or voleanic rocks, and also of ex- 
tensive faulting, or cracking with dislocation, of the 
strata. These dikes could only have been introduced 
when the material forming them was in an exceedingly 
hot, moulten, and plastic condition. These dikes, some 
of which are known in coal mines near Harrisburg, are 
known to be present at many localities between here and 
Princeton, Kentucky. They are all similar in char- 
acter and must be connected at some unknown depth with 
a great mass of volcanic rock which underlies the whole 
region where the dikes are known. The depth of this 
igneous rock mass may never be known unless some ex- 
cessively deep drilling should be undertaken in the 
region at some future time. 

The intrusion of the igneous material deep in the 
crust of southeastern Illinois, was probably associated 
with the Appalachian Mountain disturbances towards 
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the eastern border of the continent. Its injection into 
this area was like the blowing of a huge bubble deep in 
the earth’s crust and causing the elevation of the Hicks 
dome. All of the beds about it were domed up, and in 
the consequent stretching of the inelastic crust, innumer- 
able cracks were formed. The wedge-shaped crustal 
blocks thus formed, slipped and slid upon each other, 
and in becoming adjusted they took up the slack pro- 
duced by the stretching. The readjustments along these 
fractures form the complicated system of faults which 
exists over a large area in southeastern Illinois and 
western Kentucky. Along some of the faults the dislo- 
cation has been as great as 2,000 feet, elsewhere it is 
only a few feet, with every gradation between these two 
extremes. 

The phenomena of igneous intrusion and faulting 
which have just been described, are believed to be re- 
sponsible for the accumulation of the famed fluorspar 
deposits of southeastern Illinois and western Kentucky. 
Igneous rocks are known to be a source of fluorine, and 
nearly all of the important ore bodies of the district are 
present in veins located along fault lines. In a few 
cases the fluorspar is not associated directly with a fault, 
but such deposits are in close proximity to some fault 
with which they doubtless have had some genetic rela- 
tion. 

The determination of the time when all of the defor- 
mation which has been discussed and all of the accom- 
panying phenomena took place, is a problem for the geol- 
ogist to solve. We know certainly that it all oceurred 
after the Pennsylvanian rocks had been formed, for these 
strata are involved in all of the deformations. The 
limits of time in the other direction are not so easy to 
establish because of the absence of any rock strata in 
the region representing a long period of time after the 
Pennsylvanian. In the extreme southern portion of IIli- 
nois there are Cretaceous strata, late Mesozoic in age, 
and so far as we know these beds are not deformed, 
while the deformed older rocks pass beneath them. With 
these data, which are all that we have at the present 
time, we can only say that the disturbances took place 
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after the last of the Pennsylvanian rocks of the region 
were formed, and before the deposition of the Cretace- 
ous rocks, but this is a time interval representing many 
millions of years. The fault movements were probably 
distributed over a long period of time, for no geologist 
believes that such deformations were instantaneous in 
their occurrence. It is altogether probable that slight 
movements are still taking place along some of the fault 
lines. Scarcely a year passes without the record of one 
or more slight earthquake shocks in this portion of the 
Ohio Valley, which are more than likely the result of 
residual movements along some of these lines of defor- 
mation. A little more than one hundred years ago a 
severe earthquake occurred throughout the region, which 
may well have been caused by an adjustment of greater 
magnitude than usual along one of these fracture lines. 
It may be asserted with great certainty that during the 
active period of all this deformation, frequent earth- 
quakes of great severity shook this portion of [llinois. 

It is not at all unlikely that a preliminary uplift of 
the whole Illinois Ozark region, associated with adjust- 
ments in the Missouri Ozarkia, and not accompanied by 
any notable faulting, was accomplished a long time be- 
fore the igneous intrusion and associated complex fault- 
ing in the more eastern portion of the region. All of 
the facts are not yet known, but every season of obser- 
vation adds something to our understanding of the re- 
gion. 

Since the completion of the east-west Ozark uplift 
across the southern portion of Illinois, there is no evi- 
dence that the sea has ever entered that portion of IIli- 
nois north of the uplift. For an meonceivably long 
period of time it remained a portion of a widely ex- 
tended land area. Throughout the-whole of Mesozoic 
time doubtless it was the home for the successive gen- 
erations of the faunas of gigantic reptiles which are 
known to have inhabited North America during this 
time, and these creatures doubtless were followed by the 
great mammalian hords that characterized all Cenozoic 
time. Through these millions of years the vegetation 
of the region also underwent profound changes, but none 
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of this record is preserved to us here. We have little 
knowledge of the topographic features of the region 
during this time, whether it was a plains country or hilly, 
or what were its drainage lines, although it is more than 
likely that it was a country of greater relief than the 
present Illinois prairies. 

With the coming of Pleistocene time and the great ice 
age, the glaciers came down from the north and de- 
stroyed or drove out all of the animal and vegetable life, 
and the material accumulations from the glaciers filled 
up the depressions in the surface and evened it off, leav- 
ing it approximately as we know it today. 

South of the Ozark highlands an arm of the sea did 
reach into the southern tip of Illinois from the Gulf of 
Mexico, in Cretaceous time, although the absence of any 
typical marine fossil shells in these beds may mean that 
typical marine conditions never invaded this state. 
There are also widely distributed deposits in the south, 
probably Tertiary in age, which reach up into southern 
Illinois, but it is not likely that they are marine, and 
they were formed when the topographic conditions were 
far different from those today, long before the Ohio river 
and its tributaries were features of the landscape. 

In the preceding remarks | have attempted to outline 
in as brief a manner as possible, what we know concern- 
ing the manner in which southern Illinois has come to 
be as we know it. Much detail necessarily has been 
omitted, and much remains to be learned, but not a year 
passes without the acquisition of some new information 
which helps to complete the story. We look backward 
upon the many millions of years during which all of 
these events have come about. When we realize that 
the entrance of man into the history is the very latest 
event of all, we can only be amazed and overwhelmed 
by a glance into the future. There is every reason to 
predict that the continuation of this history into the 
future may be as long as the time which has past. Man 
is a mere infant, he has taken only the first step in his 
career, but he has learned to control his environment as 
no other animal has ever done. A geologist can only 
be an optimist. He is brought continually face to face 
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with the law of progress, with the evolution of all things, 
and he cannot help but feel the destiny of man to be such 
that in the distant future our descendants will look back 
upon us in much the same manner in which we look back 
upon the men of the old stone age. 
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DOES INFANT WELFARE WORK OPERATE TO 
PRESERVE THE UNFIT? 


I. 8. Fark, From tue Department or HeattH orf THE 
City or CuicacGo AND THE DeparRtTMENT oF HyaGIENE 
AND BacTERIOLOGY OF THE Untversity or CHICAGO. 


It is a fundamental tenet among the practitioners of 
preventive medicine that premature morbidity and mor- 
tality should be reduced to the practicable minimum. 
The program of public health administration no wise 
contemplates the ‘‘preservation of the unfit.’’ The 
avowed aims are the elimination of insanitary conditions 
in the environment of man, the provision of safe and 
adequate food supplies, the proper disposal of personal 
and community wastes, the reduction of communicable 
diseases, the specific immunization of individuals against 
certain parasitic diseases and the education of the pub- 
lic in the practices of personal hygiene. 


Among the specific problems that have occupied the 
attentions of sanitarians, with few have they coped more 


- successfully than those associated with the excesses of 


infantile mortality. The machinery of infant welfare 
work has been extensively developed and standardized 
among progressive peoples—and especially in their 
urban communities. It has come to pass that the sav- 
ing of infant lives is generally proportional to the sum 
of money available to the public and private welfare 
agencies concerned with the longevity of infants, and 
the achievements of preventive medicine in the reduc- 
tion of infantile mortality in the United States, as in 
other countries of the world, rank among the notable ac- 
complishments of modern times. 

The program for the control of infantile mortality has 
not been without its critics. Its indictment at the hands 
of certain students has been based upon the allegation 
that infant welfare work operates to preserve the unfit, 
to preserve those who in the normal course of events 
succumb to the decimating influences of the ruthless 
forces of natural selection. 
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The artificial reduction of infantile mortality has been 
branded with the stigmas of a dysgenic function, and of 
misdirected humanitarianism. 

It is obvious, from the very nature of the problem, 
that the ultimate and final effects of infant or other wel- 
fare work upon the hardiness of man and of his fitness 
to his environment will not be demonstrable until the 
history of subsequent generations shall have been writ- 
ten and until the records of their longevity are available 
to scholars of a later day. In the meantime, sanitarians 
have justified their tenets merely upon the contention 
that the accomplished reductions in infantile mortality 
have not been directly concerned with the problem of 
biological or, more specifically, genetic fitness. The 
deaths among infants from diarrheal conditions and 
from communicable infections of the respiratory tract 
have been significantly reduced; but the mortality re- 
sultant from premature birth, from congenital debilities 
and malformations and from the injuries sustained at 
birth has maintained an approximately constant level. 
In the United States, for example, the death rate from 
diarrhea and enteritis has been reduced from some 40- 
50 (deaths per 1,000 infants) to approximately 20 in the 
quarter century since the year 1900. In the same period, 
the death rate from malnutrition, premature birth, con- 
genital debility and injuries has actually increased from 
less than 40 to approximately 45. The increase is gen- 
erally considered to be merely a concomitant of improve- 
ments in the accuracy of diagnosis and reporting of 
causes of death. 

There is no substantial body of evidence to warrant 
an assumption that the infant who is preserved from the 
untoward effects of rotten or even infected milk and 
from hot weather or from the consequences of being 
fondled and kissed by the parent or child with a snuffl- 
ing cold is any the less fit to live, grow and reproduce 
than the infant who is breastfed or is more wisely nursed 
and more effectively quarantined by a wiser mother. 

I. 


In this discussion I am not directly concerned with 
the problems of birth control and I intend to omit en- 
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tirely direct references to the controversial arguments 
for or against the restriction of conception. I have no 
case at this time for or against the production of large 
numbers of babies or the maintenance of a rapidly grow- 
ing, a stationary or even a numerically declining popu- 
lation. I do present an argument for the conservation 
of those infants that are already born. I ask you to cast 
your eyes back with me to an afterjudgment on what has 
been happening to the infants that have been born. Can 
we discover whether the efforts of sanitarians have oper- 
ated to keep alive infants that otherwise would have 
died? Have such efforts operated to preserve infants 
who are not adequately equipped and who are therefore 
unfit to live? 

In the conduct of an analysis of this sort the intensive 
method, the study of individual cases is obviously im- 
possible. We must have recourse to the extensive 
methodology of statistics: we must deal with large num- 
bers. 

From a study on the intensity of natural selection re- 
ported in 1911, Dr. KE. C. Snow concluded that high mor- 
tality in infancy is followed by a correspondingly low 
mortality in childhood, and vice versa. He inclined to 
the view that infant welfare work is dysgenic. The same 
general conclusion has been reached by a number of 
other investigators. Among whom may be enumerated 
Popenoe and Johnson, authors of a well known text on 
eugenics. On the other hand, Dr. Brownlee has found 
that high infant mortality is correlated with high mor- 
tality in the years 1—5 and vice versa. Major Green- 
wood and Dr. Brown some years ago reported an an- 
alysis on the role of economic and other factors in af- 
fecting infant mortality. They came to the conclusion 
that economic forces were not as specifically important 
in the particular body of data they studied in determin- 
ing the magnitude of infant mortality rates as were cer- 
tain other factors. They suggested that pathologically 
inferior stock is the important factor in excessive infant 
mortality. The limited time at my disposal here does 
not permit a detailed analysis of the report by Green- 
wood and Brown. I may only say that the mathematical 
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methods which they used, however exquisite per se, were 
applied in a manner as thoroughly unjustified as their 
conclusion is unsound. 

Although I can agree with Professor Raymond Pearl 
of Johns Hopkins University that efforts to control in- 
fant mortality have in the past been attempted with con- 
siderable success, I cannot agree with him that it is any 
indictment of these efforts to say that they have been 
based upon empiricism. What better basis can there 
be in a matter of this sort than practical experience? 
Health officers, physicians, nurses, dieticians, and others 
have not needed the erudite mathematical methodology 
of Professor Pearl to teach them a plain and simple 
lesson. They learned from simple observations that 
many unnecessary deaths of infants from the combined 
effects of bottle feeding, of rotten milk and hot summer 
weather are easily prevented by breast feeding or by 
clean milk and cool homes or cool infant welfare stations. 
They learned that deaths of infants from colds, pneu- 
monia and bronchitis can be prevented by teaching af- 
fectionate but misguided parents to keep away from the 
infant persons who lave coughs and running colds and 
who are so frequently overcome by irrepressible desires 
to kiss the mouth of the infant. It would be a sad story 
if we could ascertain how many innocent children have 
been kissed into their graves. 


Il. 

The statistical experiments which I wish to present to 
you very briefly were undertaken specifically to cast 
some light upon some of the problems which I have given 
cursory mention. Let us suppose, for a moment, that 
the intervention of a well directed program of preven- 
tive and therapeutic medicine may have reduced infant 
mortality in two ways: 1—by the preservation of chil- 
dren who are born with an inadequate equipment to 
withstand ‘‘the slings and arrows of outrageous for- 
tune ;’’ and 2—by safeguarding others who might other- 
wise perish for lack of dietary and environmental con- 
trols that are coordinate with the hazards of being an 
infant. Is it not at least equally probable that the pos- 
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sibility dysgenic consequences of the program are at 
least counterbalanced by the salutary effects of infant 
welfare work upon children who are unquestionably 
‘*fit’? and who might, for lack of such welfare work, con- 
tract mild or severe, non-lethal illnesses that would con- 
tribute to their premature mortality in subsequent years 
of life? It is certainly reasonable to assume that for 
each infant life that is saved by this or that public health 
measure there are one, two, three or more infants who 
are preserved from sickness and consequently from or- 
ganic injury that may serve as a secondary or contrib- 
utory cause of death in the second, third or later year 
of life of the same infant. Hence, it is to be anticipated 
that variations in the mortality rate of infants will be 
found to parallel closely variations in the mortality of 
the same infants in subsequent years of life. Indeed, 
Sir Arthur Newwholme has already demonstrated pre- 
cisely this point for certain English counties. 

Further, it may be expected that educational or other 
measures designed to reduce infantile mortality will also 
operate to reduce mortality in the other years of early 
childhood. Excepting on these grounds, it is not easy 
to account for reductions in mortality in the second to 
the fifth years of life. The pre-school years (2—5) have 
been notably free from any direct public health program 
expressly designed to reduce morbidity and mortality. 
It is the period of life which is still outstanding for the 
neglect it has been accorded by public health authorities. 

For the purposes of our studies we have elected to use 
the mortality statistics of white infants and children 
(0 to 5 years of age), born and residing in Chicago in 
the period of years 1900 to 1925 inclusive. The vital 
statistics of negro and other colored children were eli- 
minated from consideration because of the highly migra- 
tory nature of the colored populations. The object of 
our first set of experiments was to study the correlations 
between the corresponding infantile and childhood mor- 
talities in each of the sixteen years, 1910-1925. 

These computations were designed to demonstrate the 
extent of the correlation between variations in the mor- 
tality of the infants born in a calendar year and the rates 
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of mortality for the same infants in their second, third, 
fourth and fifth years of life. 


This type of computation was accomplished by corre- 
lating the death rates for infants (0—1 years of age) 
in the years since 1910 with the death rates for children 
in the second year of life (1—2 years of age) in the years 
since 1911, with the rates for 2—3 year old children since 
1912, with the rates for 3—4 year old children since 1913 
and 4—5 year olds since 1914. Thus, we may say that, 
by comparison with the death rates for 0—1 years, we 
have set back the data for: 


i ee errr rere rrr 1 year 
2-3 =“ os MERE EEO En SE PES OPT Te > 
roo OS) 1 CES eee enn Oh Web dee aied « 3 

Mec a aa ag a alias ead 4 


We have computed for these sets of data the constants 
which statisticians call coefficients of correlation. Such 
a coefficient is a numerical measure of the tendency of 
two sets of data to vary or fluctuate in a parallel manner. 
The coefficient may range, in absolute value, between 
+1.0 and —1.0. If the coefficient has the value +1.0, 
it signifies that when-a datum in series a is above the 
average value for the a series, its corresponding datum 
in the series b is proportionately above the average for 
the b series, and vice versa. If the coefficient is O, it 
signifies that there is no relation between variations in 
the values of a and of b. If the coefficient is —1.0, the 
significance is the same as when the value is +1.0, except 
that high values of a are paralleled by low values of b., 


i. e., the correlation between a and b is inverse. Values 


between +1.0 and 0 or between 0 and —1.0 represent 
definite but less than perfect correlation. In Table I, 
the coefficients for the data 1910-1925 are presented with 
their probable errors. 
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TABLE I. 


Correlations between the mortality of white children in infancy 
and in subsequent years of life. 


Cuicago, 1910-1925. 
r=—coefficient of correlation, 
P. E=probable error of r 
1, 2,3,4,5=the successive years of life 
(as described in the text). 


Coefficient r1,2 r1,3 r1,4 r1,5 
r +.875 +.737 +.720 +.802 
P. E. +.040 +.083 +.090 +.069 

r/P. E. 21.9 8.9 8.0 11.6 

It is seen from the data in Table I that all of the co- 
efficients are significant in magnitude and are large by 
comparison with their probable errors. They are, vari- 
ously, 8 to 26.5 times their probable errors. They tell 
us that if the infant death rate was high in a particular 
year, the death rates in the age periods 1—2, 2—3, 3—4 
and 4—5 were high in the first, second, third and fourth 
succeeding calendar years respectively, and vice versa 
when the death rate was low. This is as near as we can 
come, methodologically, to measuring statistically the 
relation between high or low death rate in the first year 
of life with mortality in the subsequent years of life. If 
you will permit me the assumption that Chicago’s chil- 
dren who were 4—5 years of age in 1914, 3—4 in 1913, 
2—3 in 1912 and 1—2 in 1911 were for the most part the 
children who survived the first year of life in Chicago 
in 1910 and, similarly, for the other children of the per- 
iod 1910-1925, our correlation coefficients come then to 
mean that the higher was the death rate in the first year 
of life, the higher it was in the subsequent years of the 
first quinquennium, and vice versa. 

In this first statistical experiment, I restricted the 
data to the vital statistics for the years since 1910. This 
was done because it is quite certain, from evidence in- 
ternal to the data, that they are more accurate than the 
data for earlier years. It is of interest, however, to see 
what the data show when the correlation coefficients are 
computed in an entrely similar manner from the vital 
statistics for the years 1900-1925. In addition to the 
data similar to that presented in Table I, I have added 
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in Table II the coefficient of correlation between the 
death rates of 0—1 years of age and the death rates for 
the 5 year period 5—9 years of age, the latter set back 
5 years. This correlation was not included in Table I 
because the 5 year set back would restrict the series to 
very few items when the data for only 16 years are being 
studied. 
TABLE II. 


Correlations between the mortality of white children in infancy 
and in subsequent years of life. 


CuHIcaco, 1900-1925. 


Coefficient r1,2 r1,3 r1,4 r1,5 r1,5-9 
+.824 +.513 +.759 +.716 +.590 


+.043 +.101 +.060 +.070 +.096 
19.2 5.1 12.7 10.2 6.2 

The data in Table II display the same high correla- 
tions for the years 1900-1925 that were evidenced by the 
data for 1910-1925. 

The coefficients of correlation which have been pre- 
sented tell us that in parallel with fluctuations in the 
death rates of infancy above or below the average death 
rate for a period of years, there have been similar flue- 
tuations in the death rates for subsequent years of life 
of the same infants. We might raise the question: How 
much change in the death rate for the age period 1—2 
is associated with unit a change in the death rate of in- 
fancy? How much for the age period 2—3, 3—4 or 
4—5? The answer is found in the computation of re- 
gression lines. From these it is discovered that for the 
years 1910-1925, the increase or decrease of the infant 
death rate by 10 points, i. e., 10 deaths per 1,000 infants, 
was associated with increases or decreases in the death 
rates of the subsequent years of life by the following 
amounts: 


Change in the death rate for 

Subsequent age period. a change of 10 points in the 
Years. death rate of infancy. 

1—2 

2—3 

3—4 

4—5 


These figures mean that in the period of years 1910- 
1925 associated with each ten infant lives that were 
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saved by reductions in the infant death rate there were 
4.4 lives saved among children in the second year of life, 
1.7 in the third, 1.3 in the fourth and 1.2 in the fifth year 
of life. 

Now, let us recall that the general trend of all death 
rates in each of the first five or ten years of life is down- 
wards. Thus, for example, since 1900, the death rate 
in infancy in Chicago declined approximately from a 
rate of 140 (deaths per 1,000 infants) to 85; in the see- 
ond year of life from 43 to 14; in the third year from 19 
to 6; in the fourth year from 12 to 4; in the fifth year 
from 10 to 3; and in the second quinquennium (5-—9) 
from 5.5 to 2.5. It might be objected that the correla- 
tions which have been discussed are spurious and meas- 
ure only the general tendency of all the death rates to 
decline. There are plain evidences in the original data 
that this objection is not valid. Nevertheless, I have 
undertaken a direct statistical proof to meet the hypo- 
thetical objection. 

The procedure utilized in avoiding spurious correla- 
tion due to secular or long-time trend was as follows: 

1. For each set of death rates for a specific year of 
life, for the years 1900-1925, the general trend of the 
rates to decline was determined by finding a straight 
line that best described this trend. (This line was lo- 
cated by the method of least squares. ) 

2. From the equation of each of these lines was cal- 
culated for each of the 26 years in the period 1900-1925 
the death rate which would have occurred if the death 
rates had declined in a perfectly uniform manner, along 
a straight line. 

3. The difference was computed between the death 
rate which actually occurred in each year and the death 
rate which was calculated from the equation of the trend 
line. 

4. Using these differences between the actual and the 
calculated death rates, a new set of correlation coeffi- 
cients was calculated by the methods which have al- 
ready been described. 

The new coefficients represent, then, the correlation 
between fluctuations above or below the trend line (in- 
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stead of fluctuations above or below the average) for 
the death rates of infancy and the death rates of each 
of the subsequent years of life of the same infants. The 
results are presented in Table III. 


TABLE III. 


Correlations between mortality in the first and in subsequent years 
of life. 
The data used were first freed of long-time trends. 
Data set back 


1 Death rate per 1000, age 0—1 


2 1—2 

3 2—3 

4 - ' ‘ ‘  3—4 

5 = " bs ‘ 4—6 

6 = ‘ : +5 “ 5—9 f 

Coefficient -- P. E. r/P. E. 
r1,2 +.597 + .087 6.9 
r1,3 +.512 + 102 5.0 
r1,4 +.438 - 114 3.8 
r1,5 +.513 : 106 4.8 
r1,6 +.320 : 124 3.2 


The data in Table III show that fluctuations in the 
death rates of infancy are definitely correlated with the 
death rates of the same infants in the subsequent years 
of their lives. There is just a reasonable chance that 
the coefficient "1,5 (for ages 0—1; 5—9) is insignificant 
by comparison with its probable error. For the others, 
there can be little doubt that the correlations are statis- 
tically significant. It appears justifiable to conclude 
that the positive (+) correlations between fluctuations 
of mortality in infancy and in subsequent years of life 
are real and not spurious. 


TABLE IV. 


Correlations between mortality in infancy and in subsequent years 
of life, according to certain groups of causes of death. 
Curcaco, 1900-1925. 
Death rate from all causes for years 1—9; Death rate in infancy from— 
“All other” 
Coefficient Diarrheal causes Congenital causes causes 
r1,2 +.516 +.099 —.625 +.082 +.735 +.128 
r1,3 +.223 +.131 —.435 +.112 +.666 +.077 
r1,4 +.333 +.125 —.542 +.099 +.477 +.109 
r1,5 +.373 +.124 —.450 +.115 +.545 +.101 
r1,6 +.134 +.144 —.348 +.130 +.323 +.131 


In summarizing this hasty analysis of an important 
problem, it is almost gratuitous to reiterate the several 
points. It is plain that the data which were examined 
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provide no evidence to substantiate the indictments of 
infant welfare work on the ground that it operates to 
preserve the unfit. Contrariwise, it would appear that 
there have been adduced significant evidences that the 
saving of infant lives is followed by associated savings 
in the subsequent years of life. I can find no evidence 
for the view, and much that is opposed to the view, that 
the savings in subsequent years of life would have been 
greater if there had been no reductions in infant mor- 
tality. The data which were presented have been 
checked and confirmed in detail by similar correlation 
coefficients computed for each of the principal groups of 
causes of infant deaths taken separately—diarrheal, con- 
genital and ‘‘all others.”’ 

So far as the evidence has been obtained from Chi- 
cago’s vital statistics for the years 1900-1925, it appears 
that reductions in infant mortality have operated pri- 
marily in a manner to conserve the natural hygienic re- 
sources of the children. 
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THE ORIGIN OF MAN. 
J, Harten Brerz, University or Cuicaco. 


It is reported that when General Pershing stood before 
the statue of Lafayette in Paris, he unbonneted and an- 
nounced ‘‘Lafayette, we are here’’. It is also reported 
on good authority that he did no such thing. But 
whether or not this remark was made, or was correctly 
ascribed to the General, America was in France. 

To make a crude paraphrase of the episode and the 
remark, we may visualize the great army of the human 
race standing before inarticulate nature and its leaders 
in thought announcing ‘‘Cosmos, we are here.’’ We are 
here, indeed, but the journey here has been long and 
there are no old patriarchs with us who remember the 
events of the starting or of the long journey. For some 
centuries back, we have kept records inscribed on paper, 
parchment and stone, records that are dubious in verac- 
ity, lacking in details. The more critical these histor- 
ians become, the more dubious appear the records which 
we have kept. Back of the written records of the latter 
part of the journey ate the kitchen middens, the dol- 
mens, the rock shelters and caves, the flint-chipping 
shops and the great encampments of Pre-history. Back 
of these records, what? 

Man has come out of the Past, for we are here! But, 
so far as I am aware, no one knows just whence, or how, 
or why? There be many of us who think we know, but 
closer analysis of our thought will show that what we 
think we know, we only believe! To know is to be above 
the question of belief or unbelief. 

The quality of ‘‘Certainty”’ is difficult to define. It 
obviously isn’t the same for all minds. And in the last 
bitter analysis, I suppose that we are not certain that if 
I release my pencil, it will immediately fall to the floor— 
for we haven’t tried this particular experiment yet. 
But all normal minds expect the pencil to fall, expect 
the sun to rise tomorrow, expect that the pangs of hun- 
ger will be appeased by the ingestion of food, expect 
that the co-ordinate action of locomotor muscles will 
move us from one place to another. In our experiences, 
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these combinations do not fail, and we say that we are 
certain on such things. Concerning the origin of our 
species, however, we are uncertain. The printed title 
of this lecture should be followed by a question mark. 

All races of men have thought on this question of our 
origin. The lore of humankind is full of accounts which 
purport to explain the riddle. Some of these accounts 
have died with the cultures which produced them—wit- 
ness the Egyptian myths of Creation. Nobody believes 
these myths today, after they have been laboriously de- 
ciphered from the hieroglyphs of the tombs and the 
temples, though they surely have the sanction of an- 
tiquity (if that is a sanction). They have been believed 
by millions of people! Do you know why no one believes 
them today? I don’t know, but I think it is chiefly be- 
cause no one else believes them. Further, some cultures 
have outgrown and discarded their own earlier concep- 
tions—witness the Scandinavian legends. But many 
ideas still survive. 

All of these surviving ideas of Man’s origin which 
have been inherited from the Past are based on an ulti- 
mate ‘‘Authority’’. They are authoritative statements 
in that men have received them by document or word of 
mouth from sources which they credit as truthful. No 
demonstration of their truth is possible. Unlimited 
credit must be extended to them; i. e., faith. 

Note now the profoundly significant fact that these 
accounts are diverse and conflicting. They cannot all 
be true—though they all claim to be. Only one can be 
true, if indeed that one can be identified. Not that delib- 
erate deceit was practiced in launching these explana- 
tions. Most of them are growths, not full-built launch- 
ings; like folk tales, like the Homeric poems.. But unre- 
liable as statements of fact, nevertheless. What they do 
tell truthfully is what the people who constructed them 
thought,—or what the translators thought they thought 
—or what the copyists thought they ought to have 
thought,—or what the priests think we ought to think 
they thought,—or some combination of these factors. 

This welter of ‘‘authoritative’’ answers which in the 
Past have come out of the persistent questioning of 
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‘whence came we, and how, and why?”’ is in striking 
contrast with another type of answer that has been ad- 
vanced during the past century. Instead of ‘‘ Author- 
ity’’ as the source of information, ‘‘Kvidence’’ is ap- 
pealed to. Whether correctly interpreted or not, Facts 
have been used in building the explanation. And a dif- 
ferent method of thought has been used than any other 
ever before in the field. I refer to the scientific expla- 
nation of Man’s origin, some of whose fundamental facts 
and inferences I shall present this evening. 

What is this method which differs so markedly from 
any other? One essential feature of the method of Sei- 
ence is that the search for Truth must be made calmly 
and dispassionately, without pre-conceptions or pre-judg- 
ments. The only emotions permitted are the joy of dis- 
covery and the love of Truth. Another essential feature 
is the painstaking labor of discovery and collection of 
all available evidence, and the careful testing of every 
scrap of that evidence. No guessing is allowable. An- 
other essential feature is the submission of every con- 
clusion, whether major or minor, to the vigorous criti- 
cism of every one who.is informed as to the facts. No 
other criticism is worth anything. Only thus will the 
true meaning and relationships of facts be revealed, and 
this is the purpose of Science. If Truth is to be found 
this method will not miss it. 

Scepticism is essential in the scientific method. Any- 
one who has ever proposed a really new idea has discov- 
ered this fact. Doubt and challenge constitute one means 
of intellectual progress. We would still be savages if it 
had not been for scepticism. Modern medicine began 
when someone doubted the efficacy of the witch-doctor. 
Modern science could never take origim until after the 
myths of primitive man had been challenged. Pagan- 
ism must needs be questioned ere Judaism or Christian- 
ity could have their beginnings. 

All generalizations used in the scientific explanation 
of the Origin of Man are inferences. I have indicated 
that we do not know. The drama was played long since. 
None of us saw it played. The theatre is still here and 
we can prowl around back of the scenes and examine the 
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discarded properties and other records of the players 
but at the best we only infer the character of the play. 
Inferences, however, are just as fundamentally a part 
of the ‘‘ Authoritative’’ interpretations. 

Since Science holds that Man is a product of organic 
evolution, let me say now that there is no absolute proof 
of organic evolution! But, for that matter, we have no 
absolute proof that the Battle of Thermopylae ever oc- 
curred, or the Battle of Waterloo; that Alexander the 
Great ever lived, or Aristotle, or Jesus of Nazareth! 
We have no absolute proof that Electrons exist! Or 
atoms! No one has ever seen them. We do have cer- 
tain documents on which we rely more or less for our 
history of Man. We do have certain phenomena which 
find their best explanation in the atomic theory and the 
electronic. We do have evidence dealing with the pre- 
history of Man. We rationalize the facts we have, for 
they mean something; and our best thought in terms of 
such knowledge as we do have leads us to these theories. 

From what sources has Science collected the evidence 
on which her interpretation of the Origin of Man is 
built? There are two unrelated sources available. One 
is the character of Man today. It includes comparison 
of Man’s body with the bodies of other animals (com- 
parative anatomy and blood tests), and the sequential 
changes of individual development before birth (embry- 
ology). The other source is the pre-history record of 
Man, and its data come from Geology and Paleontology 
and Archeology. In a very cursory fashion, because we 
have but an evening together on this subject, I shall 
sketch the leading facts and inferences contributed by 
these sciences. It is unnecessary for me to emphasize 
that there has been nothing sketchy about the building of 
these sciences. If there is a comparative anatomist 
present or an embryologist, or a geologist, or paleontol- 
ogist, or anthropologist, he will be displeased with me 
beeause I do not do his subject justice. I plead brevity 
of time as my defence. We who read tonight are run- 
ning through a vast region of knowledge at top speed. 
A lifetime would be necessary to master it all—and we 
have less than two hours! No one has a right to chal- 
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lenge any interpretation I present to you on the ground 
that my facts do not adequately support them. I can- 
not present all the facts. No one has a right to chal- 
lenge any interpretation until he is well-informed on the 
facts which support it. I have it from a well known life- 
long student of the evolution of plants that he once en- 
countered the best-known opponent of the scientific in- 
terpretation and asked him point-blank how much he 
knew of theories or evolution (for there are many, Dar- 
win’s is only one of them) and was told ‘‘I don’t know 
anything about them! I don’t want to! It is all 
wrong’’. That, of course, is pre-judgment and has no 
place in the search for Truth. 


EVIDENCES FROM BLOOD TESTS. 


I shall take up first the evidence from blood tests. The 
serum of human blood, injected into a rabbit after sep- 
aration of the red blood corpuscles and fibrin by coagu- 
lation, causes the formation of a substance in the rab- 
bit’s blood which the biologist calls an anti-body. It is 
similar to the anti-toxin formed in the blood of a horse 
after injection withthe diphtheria virus. Now the 
serum of the rabbit’s blood, containing the antibody, will 
form a white precipitate if mixed with more human 
blood. It will do this, even though the human blood is 
old and dried. But no precipitate results if the rabbit 
serum be mixed with non-human blood. 

By using stronger solutions and more time than the 
standard legal blood tests require, quite distant relation- 
ships can be brought out. Reactions with the blood of 
the man-like apes (the Anthropoids) closely resemble 
those obtained with human blood; the blood of the Old 
World monkeys comes next; the blood of the Marmosets 
and New World monkeys gives but a slight reaction and 
that of the Lemurs (Man’s most distant relatives among 
the Primates) gives no reaction. This harmonizes per- 
fectly with all other evidence as to relationships among 
the Primates. 

Thousands of blood tests of this character have been 
carried out on all kinds of vertebrates, and even on many 
invertebrates, with the same indications of relationships 
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that had been concluded earlier on other evidence. It 
seems (this is one of our inferences) that certain chemi- 
cal characteristics in the blood of related groups of ani- 
mals have persisted throughout the long evolutionary 
history from the time of divergence from a common an- 
cestral stock. Blood tests have very strongly confirmed 
the theory of evolution which was built on entirely dif- 
ferent evidence in the first place. One of the best tests 
of any theory is the discovery of new and crucial facts, 
unknown when the theory was built. 


EVIDENCES FROM COMPARATIVE ANATOMY, 

Under Comparative Anatomy, I shall consider what 
are known as ‘‘vestigal structures,’’ merely mentioning 
in passing that the only differences between the skele- 
tons of Anthropoids and Man are those of proportions. 
Every bone is duplicated. Any one familiar with the 
anatomy of Man and the Apes must admit that no hypo- 
thesis other than that of close kinship is adequate to ex- 
plain this extraordinary identity of structure. To deny 
this kinship is to deny the use of comparative anatomy 
in indicating genetic relationships among any animals. 
If wolves and dogs, cats and tigers, rats and mice, frogs 
and toads, are not.related by descent, they are related 
only as different factory models, such as coupes, sedans, 
roadsters, ete. This is the old argument for design in 
Nature, and has been in the diseard among informed 
men now these many years. 

The word ‘‘vestigial’’ involves an inference. We 
mean by jts use that such structures are but vestiges of 
formerly functional structures in the ancestral history. 
Since most of these vestiges are in the soft parts of the 
body and since our fossil record is limited to the hard 
parts (bones, ete.), we can’t prove that these structures 
had fuller development in long-past generations. We 
have simply these ‘‘documents’’ which the vestigial 
structures constitute. Still, this is no limitation in our 
conflict with ‘‘authoritative’’ interpretations of Man’s 
origin, for all these depend wholly on documents. 

Nictrrating Memprane. All vertebrates, from fish to 
mammals, have in the inner corner of the eye a semi- 
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transparent eyelid called the nictitating membrane. In 
amphibians, in birds and in some reptiles, this membrane 
sweeps rapidly across the eyeball to cleanse it. Watch 
your Poll Parrot to see it in action. In mammals, in- 
cluding Man, it is present as a functionless rudiment or 
vestige. Our inference is that organic evolution has 
carried the mammals beyond the need for it but heredi- 
tary inertia still persists in constructing it in each indi- 
vidual. Since Man possesses it also (the plica semi- 
lunaris), fair-mindedness demands that we acknowledge 
our kinship and our descent or ascent from the same 
stock. 

Vermirvorm Aprenpix. Man carries a wholly use- 
less, and on occasions a very expensive, blind tube which 
opens off the caecum or upper end of the large intestine. 
Everybody knows of it as the ‘‘appendix’’. Now an ap- 
pendix is usually considered as something added, to in- 
crease the value of that to which it is added. Not so 
here! It has not been added, nor does it increase the 
value of anything—except the surgeon’s bank account. 
In herbivorous mammals, the appendix vermiformis, or 
its homologue, is large and has a definite digestive func- 
tion. In some of the herbivores, it is as long as the en- 
tire body. In Man, it develops in the embryo to the 
same diameter as the large intestine but it does not grow 
after birth, and as I have said, has no known function ex- 
cept that of keeping surgeons busy. It is a vestigial 
structure, inherited from our ancestral stock. 

Muscues or THE Exrernat Kar. Dissection of the hu- 
man scalp reveals the existence of a set of muscles for 
lifting the external ear, and for twitching it back and 
forth. There are eight separate muscles involved. But 
can you use them? Very few people can. The Anthro- 
poid Apes possess the same musculature but are similar- 
ly helpless to command it to function. But in the Bar- 
bary Ape, the baboon and other tailed apes, and in the 
monkeys, these muscles are functional. Why do we and 
the Anthropoids have them, if they are not vestiges of 
a common ancestral possession, abortive in certain 
branches of the family tree today? 
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Of similar import are certain scalp muscles, function- 
less in most of us and used only by a positive will to do 
so by others. 

Harr Tracts on THE Human Bopy. That there is an 
irregular distribution of hair on the human body is noth- 
ing new to you. Everybody knows it. But, like every 
other phenomenon under Heaven (and, indeed, in the 
Heavens) it is a member of a cause-and-effect sequence. 
Why should our bodies have dense pubic, axillary and 
cephalic hair, and sparse hair elsewhere? Among us 
today, there are two explanations current. 

(1) Man was made (i. e. created) that way. 

(2) Man’s hair pattern is inherited from pre-human 
ancestry and has been modified to the present distribu- 
tion by the habit of wearing clothing. 

Everybody will accept the inheritance hypothesis if 
you. don’t push it too far. For example: both of my 
children possess a so-called ‘‘cow-lick’’ in the hair close 
to the upper forehead line and a little to the right of the 
mid-facial line. Now I don’t—and I can prove by cer- 
tain photographs taken years ago that I never did. Nor 
does anyone among my immediate blood relations. But 
my wife does! So does her father, her sister and her 
brother. No one has any difficulty in believing that this 
feature in my children is inherited from their mother’s 
family. 

This is a variation in hair pattern among different 
members of the same species. Let us now consider a 
feature which is constant in the species. It is the hair 
pattern on the back of the forearm. You will find on 
your own arm that the hair on the upper arm and on the 
back of the hand grows down as all hair should if it is 
to serve as a thatch. But on the forearm, it points up- 
ward and backward toward the elbow. No other mam- 
mals have this peculiarity except the Anthropoid Apes 
and certain South American monkeys. Some of these 
creatures have been observed, during rain, to place their 
hands on their heads. In such a posture, this orienta- 
tion of the hair serves perfectly as a thatch. 

Now, whether or not this hair pattern is due to the 
habit of making a roof of the arms, its possession by a 
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group of animals, closely related in the blood tests and 
in many other ways, indicates clearly that the pattern is 
a hereditary feature, just as does the ‘‘cow-lick’’ varia- 
tion in my children. 

The males of our species grow hair on chest and ab- 
domen, often a heavy coat of it, but neither males nor 
females grow it on the back. If the race has lost a com- 
plete hair cover by reason of climatic change, it should 
be sparsest on the more protected side, i. e. the front. 
But if it has been lost through the use of clothing, it is 
perfectly normal that primitive men, wearing primi- 
tive garments of skins thrown over the shoulders, should 
lose the back hair first and most completely. Appar- 
ently the race hasn’t yet worn a complete cover of cloth- 
ing long enough to equalize the distribution. 

Prngat Bopy. A peculiar process of the mid-brain, 
particularly of the optic lobes, is the pineal gland or 
body. It is found in all vertebrates. It grows out from 
the upper surface of the brain and ends just below the 
skull, or perforates the skull at the parietal foramen 
and ends beneath the skin. It was first identified in 
Man, I believe, and was early thought to be the seat of 
the Soul. This for two reasons which you are welcome 
to evaluate as you may. (1) One reason was that no 
other use for it could be discovered. (2) The other rea- 
son was that no other place for the Soul could be found. 

Then the New Zealand ‘‘Sphenodon’’ was dissected. 
Sphenodon is a very archaic type of reptile, amazingly 
like the ancient fossil reptiles in his skeletal structure, 
and quite different from lizards, snakes, crocodiles and 
turtles, the other reptiles of the present. In Sphenodon, 
the pineal gland was found to have 1—a transparent 
seale covering the terminus.of the gland, 2—a lens, 3—a 
vitreous humor, 4—a retina, and 5—a nerve stalk con- 
necting with the optic lobes of the brain. Though not 
functional even in this ‘‘living fossil’’, the pineal gland 
is clearly a cyclopean eye which was possessed by very 
early vertebrates. Man has the abortive or vestigial 
pineal eye, also! Ergo, Man has come from the same 
very primitive vertebrate stock. Or, if you insist, it is 
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the seat of the Soul. If so, however, you must grant 
souls to fish, frogs, flamingos and furseals. 

SupeRNUMERARY Nippites. Man is a Primate. The 
Primates include those mammals whose brain-box is rel- 
atively large, forebrain highly developed, fore limbs 
adapted for grasping and terminating in hands with flat 
nails, teeth adapted for a mixed diet, and two mammary 
glands on the breast. All other mammals have more 
than two mammary glands, generally distributed in two 
rows along the ventral side of the body. In our domes- 
tic cattle, they are grouped on the groin. 

Not infrequently in Man occur supernumerary nip- 
ples, arranged in two rows as in our domesticated car- 
nivores, the dog and the eat. In every human embryo 
the two rows begin to develop but commonly all but two 
disappear before birth, and no more than two ever fune- 
tion. This phenomenon of supernumerary nipples 
means something. The inference of the comparative 
anatomists is that it is reversionary to primitive mam- 
malian stock, from which modern earnivores, herbivores, 
primates, etc., have descended. 

Orronens Hatuucis. In the hand of Man, the thumb 
or first digit is opposable to the rest of the digits, and 
this arrangement makes of the hand a remarkably ef- 
fective grasping appendage. In Man’s foot, however, 
the great toe is closely appressed against the others in 
the same plane and cannot be opposed, which in the 
Gorilla and Orang-Outang, opposability is well devel- 
oped. 

Yet there is sometimes found in the feet of some men 
a non-functional muscle, identical with the one used by 
the anthropoids in opposing the great toe. This, the 
opponens hallucis, is inferred to be a survival from the 
primitive ancestral stock from which Man and the An- 
thropoids have both descended. Can you suggest a bet- 
ter explanation? 

Grasping Powrer or Very Younc Inrants. <A new- 
born human infant is about the most helpless creature 
in the world. He can make only one adjustment of the 
many which are essential to his life. He can ingest 
liquid food by the act of sucking. Everything else has 
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to be done for him. Similarly, new-born apes and mon- 
keys are very helpless but they do one other thing well 
—they cling to the mother with a tenacious grasp. 

Now here is a chance to test our hypothesis of the 
origin of Man. If he has descended (or ascended) from 
ancestral stock which also gave rise to the apes and mon- 
keys, and if the habits of that stock were arboreal before 
the differentiation, we might expect young humans to 
possess some trace of the trick of holding tightly onto 
the mother as she climbs about the trees. The original 
investigation of this question was conducted with about 
60 babes, from a hour to three weeks old. It has been 
checked by thousands of experiments subsequently. 
Here are the results of the original investigation. 

Thirty infants an hour old grasped a stick and held 
their entire weight suspended for ten seconds or more. 
12 held on for half a minute, 4 held on for a minute. 

When four days old, 50 of the 60 held on for half a 
minute or more. 

When three weeks old, this ability was at a maximum, 
several holding their entire weight suspended for a min- 
ute and a half, two for two minutes, and one for two min- 
utes and a half. 

In no case did the babes utter a cry or give any other 
signs of distress until they let go. In all cases, the in- 
fants’ legs hung in the typical simian baby position, for 
the young monkey or gorilla clasps with legs as well as 
grips with hands. 

This ability to sustain its own weight is remarkable in 
a new-born child, whose muscles are so weak that it can- 
not even sit up. It is a feat that many a healthy adult 
‘vannot perform. It is of no use to the human infant. 
Why does he have it?’ Only one logical answer has ever 
been proposed! 

I shall now close the list of vestigial structures, once 
called ‘‘useless scaffolding left in the body’’. But not 
because it has all been recited to you. I am told that 
150 distinct features of this character have been found. 
Enough has been presented to show you the nature and 
significance of the evidence from this source. If you 
examined one of the older buildings in your city, 
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and discovered bricked-up, soot-stained flues in the walls, 
though the building may now be heated by radiators and 
steam pipes, you would conclude that formerly it had 
been heated by stoves or fireplaces. If you found that 
rectangular holes, a foot or so in dimensions, had been 
cut in the flooring and subsequently closed by new floor- 
ing, one to every room, and that plates and sills had been 
cut beneath them, you would conclude that, subsequent 
to the stoves and fireplaces, and preceding the present 
steam-heating plant, this building had had a warm-air 
heating plant. The argument from the vestigial struc- 
tures in the human body is closely analogous. It isn’t 
homologous, and of course is but an illustration, not a 
proof. 

EVIDENCES FROM EMBRYOLOGY. 


Let us now consider some of the striking contributions 
of the science of Kmbryology to this question of the 
origin of Man. Each human individual starts with the 
fusion of a sperm cell and an ovum cell. These are the 
gametes. The fertilized egg, the zygote, is about 1-5 
of a millimeter in diameter, barely visible to the unaided 
eye. Except for its potentialities it is like any one- 
celled living animal. It encysts itself in the uterine lin- 
ing and multiplies by very rapid division until it is a 
solid spherical mass of cells. The marvelous cell struc- 
ture and the intricate mitotic changes in this multiplica- 
tion are barred from this discussion. We haven’t time 
to outline them. But there is in this subject alone al- 
most a microcosm. It differs from the world that we see 
about us’ more than the imagination can conceive. Only 
months spent with the microscope can convey to you an 
appreciation of its nature. 

Shortly, this spherical mass of cells develops two cavi- 
ties and thus two surfaces, an outer and an inner. A 
little later, continued multiplication of cells and increas- 
ing size of the embryo develops a third or middle layer 
of cells. These three are called the primary germ lay- 
ers, and all animals above the sponges have essentially 
the same stages to this point in development. Further 
changes follow quickly and the mammalian type of em- 
bryo soon appears. From the outer layer of cells de- 
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velop the skin, the hair, enamel of the teeth, and the en- 
tire nervous system. From the middle layer develop 
the skeleton, the skeletal muscles, the circulatory system 
and the sex cells and organs. From the inner layer de- 
velop the alimentary canal, pancreas, liver, and the lungs 
which are structurally a part of the alimentary tract. 
There are several features of this development of the 
mammalian embryo on which I wish to touch. The first 
is the remarkable similarity in early stages as illustrated 
in the development of the embryos of the pig, rabbit, 
monkey and man. The different embryos in early 
stages are difficult to distinguish from each other. In 
the first stage each has 1—an enlarged head region, 
2—a longitudinal structure composed of primitive 
muscle segments, 3—a large heart, and4—a group of 
gill slits and arches. In the second stage the rudi- 
mentary eyes are shown and the rudimentary limbs 
appear. Please note that the human embryo has a 
tail, actually longer than its legs. It also has the 
muscles for wagging it! This tail and its musculature 
are commonly absorbed before birth, but instances are 
known of individuals in which the tail persists through- 
out post-natal life. The tail always grows in the right 
place! It is either an inheritance or it is the result of 
design. And if designed for this individual, it seems to 
me a crude sort of practical joke for the gods to play. 
Let us consider embryos of three vertebrates very un- 
like in maturity—fish, fowl and Man. All three possess 
gill slits and gill arches, though none of them have any 
use for them in the embryonic conditions and only the fish 
needs them in maturity. That fact that all amphibian, 
reptilian, avian, and mammalian embryos possess them 
means something. And only one thing! It means that 
all vertebrates, Man included, have come from a very 
ancient water-breathing stock. One pair of these slits 
in the human embryo finally becomes the eustachian tubes 
or canals between the throat and the ear drum. The 
others commonly close, though in some individuals sears 
persist, and rarely, complete openings through the neck. 
At the time when the human embryo’s gill slits are 
open, its heart is two-chambered, like that of a fish, and 
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its entire circulatory system is like that of a fish—arter- 
ies and veins for gills existing and none of the pul- 
monary arteries and veins being developed. Later this 
condition is modified, a three-chambered heart appear- 
ing as in the Amphibia and finally a four-chambered 
heart. The gill circulation system disappears, the lung 
system develops, though up to the time of birth, the 
blood of the embryo is aerated in the maternal placenta. 
Another startling thing about the human embryo in 
its later development, after it assumes mammalian char- 
acters, is the presence of a heavy and complete coat of 
fine, dark hair—the lanugo. This disappears before 
birth. If it had any utility, if it were designed for any 
purpose other than to puzzle embryologists, it would be 
needed after birth, not before. When considered in con- 
nection with the hair tracts of adult Man, this complete 
furry coat of the unborn human embryo makes out a 
strong case for something more than a fig-leaf girdle for 
our progenitors. We may not like these facts and their 
obvious implications, but we cannot ignore them. 
Embryos of other vertebrates bear similar witness to 
ancestral characters. The unborn balleen whale has hair, 
teeth, and rear limbs, though the adult has only a few 
bristles and no vestige of either teeth or rear limbs. 
Such conclusions as we have reviewed may be repel- 
lant tous. But if they are justified, we must adjust our- 
selves to them—we cannot change the evidence. You 
know that men generally believe what they want to be- 
lieve—that is, they think with their emotions rather than 
their reason. And they generally want to believe what 
they were taught early in life. Thus Conservatism flour- 
ishes, and instead of rushing into new mistakes of radi- 
calism, we continue to make the same old mistakes. It 
is for us to decide whether or not the human reason is a 
safe guide, and whether our minds are open or closed. 
EVIDENCES FROM GEOLOGY AND HUMAN PALEONTOLOGY. 


We pass now to the second main division of the sub- 
ject—Evidences of the origin of Man from Geology and 
Human Paleontology. What is the character of the 
geologist’s record? How does he read it? Let me 
illustrate with this region for an example. 
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Here at Harrisburg are certain geological formations 
exposed in the hills south of the valley, and mines enter- 
ing other formations beneath the valley floor. Strata 
of coal, shale, sandstone, and, farther south, limestone, 
are involved. The total thickness is very great but is 
only a small fraction of all known stratified rocks of the 
Mississippi Valley. The limestones along the Ohio dip 
under the sandstones of the hills, and these sandstones 
dip under the coal in turn. The lowest formations are 
the oldest, for they were deposited first. That these 
rocks are the cumulative deposits of sands, clays, limey 
debris and peat is obvious for the contained fossils re- 
cord marine waters or swamps. There can be no reason- 
able doubt as to these conclusions. 

Above these sedimentary rocks at Harrisburg and to 
the north is a curious deposit, or series of deposits, 
which was laid down under quite’different conditions. It 
is the glacial drift, and its modified forms made by the 
water which resulted when the ice sheet melted. Again, 
I must carry you along rapidly without stopping to prove 
to you that this material is of glacial origin. No one 
conversant with the facts doubts it today though when 
the idea was new, there were many conservative minds 
which refused to accept the explanation. The central 
plains of the Mississippi Valley record at least four, 
perhaps five, such stages of glaciation after the marine 
and swamp deposits were made. Intervening epochs of 
deglaciation are recorded also, with certain evidences 
of the altitude and character of the land surface, of the 
climate, and of the plants and animals which moved into 
the region when the ice sheet waned, only to be driven 
out again with the next refrigeration of the climate. Its 
an exceedingly interesting subject but not the subject 
on which I am announced to speak. 

This is the kind of evidence on which the geologist 
relies for reading the Book of Earth History. In many 
ways it is far more reliable and in some ways more com- 
plete than the data from which we construct our history 
of nations. There is no personal equation, no choice, 
no pre-conceptions, in the selection of what is to be re- 
corded. | If error creep into our interpretations, it is our 
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own fault, not the fault of the writer. While in read- 
ing human history from documents, there are two places 
for serious error; 1—in the writing, the translating, the 
copying of the record, and 2—in the reading of it. I am 
reminded here of the comment of a certain parson on the 
subject of Earth History as read from the rocks and the 
fossils. He said that the fossils were not the record of 
an immensely long period of time with very slow evolu- 
tionary changes, nor were they (as some have sug- 
gested) forms spoiled in the haste of Creation in the 
time limits of six days. The fossils in the rocks, said 
he, have been placed there, telling an apparently con- 
sistent story at variance with a literal Genesis, to test 
your faith in Holy Writ. 

The History of Man goes back but a very short time 
as the history of the Earth is measured. Man appeared 
only yesterday, geologically, though for eons of time 
conditions were shaping for his appearance. Our record 
of fossil man is very meagre, for Man is a dry-land ani- 
mal, and most of the evolution of life is recorded in 
water-laid sediments where conditions for burial and the 
checking of decay were most favorable. Man, who is 
not aquatic or amphibious, did not live in such places. 

Furthermore, most of the sedimentary rocks of the 
globe were deposited long, long before Man appeared. 
Fossil Man probably does not antedate the Pleistocene 
or Glacial Period. 

PirnecantHropus. The earliest trace of the human 
family in the geological record is the famous ‘‘ Pithecan- 
thropus erectus’’ or Ape-Man of Java. It is also known 
as the missing link. It was found in river terrace grav- 
els along the Bengawan River, near Trinil, Java, in 1891. 
Its discoverer was Dr. Dubois, a Dutch army surgeon. 
Only the skull cap, three teeth and the left femur were 
found. These were associated with the remains of 
numerous extinct animals. The age on the basis of 
these associated fossils is early Pleistocene or later Ter- 
tiary. Though Java had no glaciation during the Pleis- 
tocene, it went through the glacial period just the same. 

These fragments were at once recognized as human 
or closely related to human, and they have since been 
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carefully scrutinized and measured by many of the 
world’s greatest students of Anthropology. From these 
few relics, they compute the size of the brain, they deter- 
mine the essentially human character of the dentition, 
they assert that the creature walked erect and they in- 
dicate its height. How do they do this? Let me answer 
by analogy. You may go into the details of the liter- 
ature if you are still unsatisfied. 

Each one of us has some speciality, either a hobby or 
a profession, in which we are better informed than the 
average man. The subject matter may be postage 
stamps, or radio, or the gasoline engine, or birds, or 
dogs. Let us say it is stamp collecting. You have an 
opportunity to examine a lot of old United States 
stamps. Though no dates be on the stamps, you can date 
the issue, for you know the secret marks which distin- 
guish the 1873 issue from the 1870, or you find the grill, 
or the watermark, or you count the perforations, and 
quickly distinguish one issue from another. I, the un- 
informed, am hopelessly in the dark. Oritis radio. To 
you, grid leaks and rectifiers and impedance and vario- 
meters and microfarads and audio frequency mean some- 
thing definite—to me they are jargon. 

In the same way the trained anthropologist can tell 
from dozens of little features of a skull (features which 
you and I would never even see, though we held a skull 
in our hands) that its owner was Mongoloid, Negroid or 
Caucasoid. He can distinguish the sexes. He can dif- 
ferentiate fossil skulls as of different races without 
knowing the locality of the find, or the stratigraphic 
horizon. I shall have to ask you to be content with my 
parallels, for our time is too brief to allow us to dip into 
the subject of skulls and skeletons, except in the most 
superficial way. But if you have any lingering doubts 
or awakened interests concerning these discriminations, 
I shall be glad to tell you where you can dip as deeply 
as you like, and where you will come up wholly con- 
vineed, assuming that you have an open mind. 

Regarding Pithecanthropus, the conclusion reached by 
all but one prominent anthropologist is that he was a 
primitive type of human, not ape. All agree that his 
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age is between 500,000 and 1,000,000 years. The resto- 
rations commonly seen have a good deal of the artist in 
them. 

Homo Here.sercensis. Probably next in age to 
Pithecanthropus is the Heidelberg Man,’’ ‘‘ Homo heidel- 
bergensis’’. All that we have of this stage in Man’s 
evolution is a lower jaw—but it is complete. It was 
found in river sands and gravels at Mauer, near Heidel- 
berg, Germany, in 1907, 80 feet beneath the surface. 
These sands and gravels are of Pleistocene age, as must 
be, therefore, the entombed jaw. The jaw is very primi- 
tive, heavy and massive. It lacks the chin prominence, 
so characteristic of modern man, and in this respect is 
more like that of a gorilla. The ramus, or portion to 
which the masticating muscles were attached, is also 
simian in character. But the teeth are distinctly human. 
There is the horshoe curve, instead of the two parallel 
rows which the apes have and there is no greater de- 
velopment of canines than in modern man. Opinion of 
anthropologists unanimously places this jaw so much 
closer to Man that it bears the name of the human genus 
—Homo. 

No cultural relies have been found associated with 
either Pithecanthropus or Homo heidelbergensis. But 
chipped flints of equally great antiquity are known from 
other localities. These are the much discussed EKoliths. 
Are they the first rude beginnings of Man’s use of tools, 
or have they resulted from fracturing and chipping by 
frost and waves and streams? Opinions differ on this 
very widely, and I have nothing definite to offer you. It 
is one of our unsolved problems. 

KoantHrorus Dawsont. I have indicated differences 
of opinion about Pithecanthropus, though they now are 
much less than formerly, and unanimity concerning 
Homo heidelbergensis. The next oldest human relic 
is known as the Piltdown Man, from Sussex, England. 
It was discovered in 1911. About it, controversy raged 
hotly for a time for its implications are singularly di- 
verse. . The find was simply a group of fragments of the 
skull, a canine tooth and a fragment of the ramus of the 
lower jaw with a few molars in place. The fragme.cta- 
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tion was due to a blow from a workman’s pick during 
excavation. The discovery was made after the gravel 
in which it was embedded had been shovelled over and 
mixed. Though the skull fragments were pieced to- 
gether satisfactorily by the anthropologists to show a 
primitive human brain case, the jaw was distinctly 
simian—without a chin, and with simian accentuation of 
the canine. One group of students concluded that the 
jaw and skull did not belong together that the skull was 
human but that the jaw was once the property of a prim- 
itive chimpanzee. Nothing in the facts of the case could 
settle the dispute. 

But if scientists believe in a Providence which guides 
men toward the Truth, they must admit its working 
when another discovery was made in the same deposit a 
few years later, of the same type of skull and associated 
with it in place the same type of jaw and teeth. The dis- 
pute has nearly died away now, save for a few irrecon- 
cilables, and the Piltdown Man, Eoanthropus dawsoni, 
takes his place as an early type of human. His ape-like 
jaw, however, bars him from our genus, Homo. He ap- 
parently represents a.branch of the human family which 
died out. The probably older Heidelberg Man is more 
nearly related to our line of descent. Between the time 
of Heidelberg Man and of Piltdown Man occurred the 
third of the four recorded Pleistocene glaciations in 
Europe. Both lived in interglacial times but Homo 
heidelbergensis was probably something like 200,000 
years older. 

Homo NEaNnverTHALENSI!s. If you begin to feel disap- 
pointed because of the fragmentary character of our fos- 
sil men, be cheered by the fact that post-Piltdown re- 
mains are far more numerous and consist of fairly com- 
plete skeletons, associated with relics of Man’s culture. 
This is because post-Piltdown Man lived in caves and 
rock shelters and buried his dead in these protected 
places. 

In 1856, workmen uncovered what appears to have 
been a complete skeleton in a small cave in the gorge 
known as the Neanderthal, near Diisseldorf, Germany. 
Much of it was scattered and lost before its significance 
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was recognized. Its announcement as a relic of prim- 
itive man made a great sensation at that time for the 
first battle between Science and Theology was then rag- 
ing. That war apparently isn’t over yet! The usual 
opposition developed, the rival contention being that it 
represented a dwarfed and diseased individual of mod- 
ern Man. But more skeletons of this well-marked race 
have come to light in Europe since 1856, occupying the 
same stratigraphic horizon, and all scientific men are 
now agreed that we have in this Neanderthal skeleton 
the type of an extinct race of men, Home neanderthal- 
ensis. 

Neanderthal Men were not more than five feet, three 
inches tall, the women even less. They did not stand 
erect, as the curved femur, the lack of reverse curves 
in the spinal column and the position of the foramen 
magnum shows. The skull was set forward on the spinal 
column and gave the face a forward thrust somewhat 
like that of the gorilla. 

The skull has a low and receding forehead, prominent 
and enormously heavy and continuous supraorbital 
ridges, a large nasal opening, prominent muzzle and no 
chin. The dentition is distinctly human. 

Anthropologists and geologists are agreed as to when 
Neanderthal Man lived. Not in an interglacial epoch, 
but a glacial! The ice sheet reached from the Seandi- 
navian highlands across the Baltic into northern Ger- 
many when this race lived in Europe. A very cold and 
very wet climate then obtained as far south as northern 
Spain and northern Italy. We know this from the skele- 
tons of ‘Arctic animals associated with Neanderthal 
skeletons in the cave debris. The list includes the woolly 
rhinoceros, the woolly mammoth, Scandinavian reindeer, 
muskoxen, arctic foxes, hares, ptarmigan and lemmings. 
The Arctic mammoth got as far south as Rome. 

And Neanderthal Man had a culture. He had fire, he 
had hunting weapons, and cutting tools of flint (the lower 
Paleolithic), he buried his dead. He must have had 
some kind of a language. Perhaps burial of the dead 
means that he had notions of a future life. 
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That culture was exceedingly primitive, however. To 
illustrate, one of my youngsters was recently looking 
through that great book which appeals to all manner of 
men—the Sears-Roebuck catalog. He raised the ques- 
tion ‘‘Daddy, what would the Cave Man have thought 
of all these things?’’ I asked him to select the articles 
from that wonderful display of our modern material 
needs which he thought Homo neanderthalensis could 
have understood and used. And all that he and I could 
find was a hatchet, a knife, a maul and a blanket. 

Cro-Macnon. But Neanderthal Man did not hold his 
place. His race became extinct with the waning of the 
last ice sheet. Europe became peopled with a new race 
of Men, invaders who clearly did not descend from Ne- 
anderthal Men. They had developed elsewhere, prob- 
ably in Asia, when Neanderthal men held Europe. The 
new race, of post glacial age in Europe, is known as 
Cro-Magnon Man. Here we have the first record of our 
own species, Homo sapiens. 

Cro-Magnon Man is, in almost all respects, the most 
perfect physical type of human that we know. The first 
specimens came to light in 1852, though it was some time 
before they were recognized as stone-age men. Now we 
have hundreds of finds. The men were six-footers. The 
skeleton indicates a fully erect posture, not the slouch- 
ing attitude of the Neanderthalers. The skull show a 
brain capacity equal to that of modern Man, and a pro- 
file very similar. There are no great supraorbital 
ridges, no enormously wide noses, no muzzle, and there 
is a typically modern human chin. Restoration shows 
a countenance almost as well proportioned as in the 
finest races of men today. Yet the Cro-Magnons have 
been extinct for 25,000 years. 

The Cro-Magnon race had a remarkable culture. 
Their flint and bone tools were beautifully worked and 
remarkably varied, they carved in ivory and bone, they 
drew and even painted in polychrome on the walls of 
their caves. The evolutionary stages of their culture 
are well worked out, the Aurignacian, Solutrean and 
Magdalenian being the best-known stages. Yet Cro- 
Magnon Man did not hold Europe till the dawn of his- 

















82 ILLINOIS STATE ACADEMY OF SCIENCE 


tory. He was replaced by new invaders, the Nordic 
race of northern Europe (the blonds), the Alpine race 
of central Europe and the Mediterranean race of the 
southern part of the continent. These three races came 
from the southeast and east before the pre-Greek culture 
of the Cretans developed about the Kgean Sea. 

Was Europe the home of Man? Our record seems al- 
most wholly confined to that continent but it probably 
is because only that continent (save North America) 
has been studied at all intensively for its history of the 
Past. North America seems to have no record of an- 
cient Man. Asia seems more probably to have been the 
homeland of our genus and species, and the Kuropean 
races of pre-history and history seems to have migrated 
into Europe from the larger land mass. Africa is now 
yielding remains of primitive races and their culture, 
but whether it originated them or received them as immi- 
grants is not yet known. 

It is not my purpose to go into the culture of prim- 
itive man. I shall simply note that the Neandethal race 
is the oldest race with whose remains the flint weapons 
have actually been found associated. It isn’t difficult, 
it is, for people in any part of the United States to be- 
lieve that pieces of flint shaped like knives and arrow 
heads are the implements of a primitive race? Our 
fathers found the American Indian using them (some- 
times they tried to use them on grandfather) and we un- 
questioningly interpret the arrowhead we find in the field 
as a relic of their culture. The American Indian was 
still in the Stone Age when his dispossession of the con- 
tinent began. 

But for almost all of the 3,000 years of recorded his- 
tory in Kurope, these cultural relies of early Man were 
thought to be thunderbolts, or petrified iron implements, 
or of Roman origin, or the work of supernatural agen- 
cies. And so they must still be considered if we follow 
literally any ‘‘authoritative’’ account of the origin of 
Man. Only by the scientific explanation of Man’s im- 
mensely long ancestry and immensely slow development 
can we accept them as actual tools. The whole difficulty 
in accepting the scientific explanation lies in the conser- 
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vatism and the egotism of our race. We have been 
taught that the Universe is anthropocentric, and we like 
the idea. If we could get a completely detached view of 
our race, as we conceivably would view intelligent Mar- 
tians, or as they would view us, and if we knew nothing 
of the lore which we have heard since childhood, our 
difficulty would not exist. 

I wish now, in closing, to generalize the high lights of 
the picture of Man’s evolution. In what respects does 
Man differ from the other animals? One great distine- 
tion is his possession of articulate speech. That seems 
to date back as far as Heidelberg Man. Indeed, the 
temporal lobes of the brain, which have to do with 
speech, are well developed even in the skull indentations 
of Pithecanthropus. Speech, however, never would de- 
velop without a need for it, and the need lay in Man’s 
power of thinking in relationships and abstractions. 
This is a matter of the brain. Not of the size of the 
whole so much as the size of the parts known as the 
‘¢ Association centers’’. These significant areas are well 
mapped out by physiologists, and casts of primitive 
skulls yield certain evidence of the great growth of these 
areas from stage to stage of fossil Man. The associa- 
tion centers of the brain enable Man to meet predica- 
ments and to extricate himself from them. He has not 
been forced to develop horns or tusks or fangs or claws 
or hoofs or a body armor. His wits have enabled 
him to survive without such physical specialization, and 
that same lack of physical specialization enables him, 
with the use of his brain, to adapt himself to an amazing 
variety of situations, compared with other animals. 

I wish also to present our family tree. The roots of 
the tree strike back many, many millions of years; the 
base of the trunk dates some 50 million years back. The 
branching off of the first primitive monkeys is far, far 
back and since then have had no share in our line of de- 
scent, the first primitive apes similarly have been sepa- 
rated from our line subsequent to their divergence, and 
the first appearance of the human family, ancestral to 
the fossil and living races is later. No one with any 
knowledge of the subject thinks that Homo sapiens came 
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from any genus of monkeys or apes. Nor was this idea 
ever held by Science. To charge Science with such an 
absurd statement is to placard oneself as grossly ignor- 
ant. In the terminal part of the tree Professor Elliott 
Smith, its author, places Eoanthropus earlier than Hei- 
delbergensis. He is almost alone in this, though he may 
be right. Note the blind endings of Pithecanthropus, 
Koanthropus and Heidelbergensis branches. They be- 
came extinct. Cro-Magnon is not shown for Professor 
Smith evidently thinks that this race gave rise to the 
Nordic, Alpine and Mediterranean races. 

A question of vital moment has arisen in the minds 
of many of you tonight. What is the meaning, the sig- 
nificance, of this scientific interpretation of the origin of 
our kind? Although it is probably true, would we not 
be better off if we had never known of these things? The 
evening is far spent and I cannot give much time to an 
answer, if, indeed, I am capable of answering. 

You and I both respect and honor modern England 
and modern Scandinavia, which have climbed to their 
present status of culture from barbarism in the time of 
Julius Caesar, more than we do modern Greece and mod- 
ern Italy whose former greatness far outshines their 
present. And io me, the conception of an upward climb 
of the entire race from lowly ancestral beginnings to our 
present status is more ennobling and more inspiring to 
all individual and social high endeavor than the older 
view of Man as ‘‘fallen’’ and as doing penance. 

Clearly to recognize the lowly origin of Man is clearly 
to understand the nature of his innate disharmonies. 
We see the primitive traits of hunger, sex, acquisitive- 
ness and pugnacity as perfectly normal inheritances 
which are too frequently disharmonic today in our elab- 
orate social structures. These primitive urges must be 
socialized in the group and sublimated in the individual 
to the spiritual ideals of our best thinkers. Helpfulness 
must replace hatred, among races and nations and sects 
as well as among individuals. Tolerance must replace 
Antipathy. Fundamentalists, Modernists, Catholics, 
Jews, Negroes, Kluxers, Nordics, non-Nordies, French- 
men, Germans,—all must live on the same planet and 
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share in its bounty. This is the great lesson of Science 
as applied to the art of living. 

The most terrible menace the race has ever faced, we 
face today—modern warfare. It is founded on exceed- 
ingly primitive emotions and instincts, it blights or de- 
stroys everything of value in human life which it touches, 
it embraces a whole nation—no one can escape. Even 
the victor loses! And for an intelligent race, it is utterly 
unnecessary. We must destroy War, or War will de- 
stroy our civilization. 

Despite all that I have said tonight which militates 
against the conceptions of the orthodox theologians, I 
say in closing that Man has for his future development, 
no guidance that does or can excel the principles of life 
taught by Jesus of Nazareth. 
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INVESTIGATIONS OF AGRICULTURAL SOILS IN 
SOUTHERN ILLINOIS. 


H. J. Snmwer, Untversity or Iuurors. 


INTRODUCTION. 


It is difficult to mark out exactly a satisfactory bound- 
ary for southern Illinois, since it is not in itself a distinet 
political subdivision; yet it has many characteristics, 
particularly in agriculture, which distinguish it from the 
remainder of the state. For the purpose set forth in 
this paper the boundary indicated by Mosier (1918) will 
be used. This boundary is formed by the northern line of 
Madison, Bond, Fayette, Effingham, Jasper, and Craw- 
ford counties. Southern Illinois includes these and all 
other counties south of this line, with the Mississippi 
River on the west, the Wabash on the east, and the Ohio 
on the south. This territory includes some 34 counties 
comprising approximately 8,000,000 acres of land in 
farms, and a very high percentage of this is tillable land. 
This region has a climate most favorable to agricultural 
production, and regarding this point Curtiss (1852 
says: ‘‘all the grains, fruits and roots of the temperate 
regions of the earth grow luxuriantly in Illinois; the 
wheat is of excellent quality, and there is no part of the 
western country where corn is raised with greater ease 
and abundance.’’ This quotation written some 75 years 
ago indicates that this region was then highly regarded 
for its agricultural value based upon its climate, loca- 
tion, and other advantages. 


GEOLOGICAL INFLUENCES. 


A very large part of southern Illinois is within a glaci- 
ated area representing one of the oldest glacial periods 
in the state. This region is comparatively level having 
been plained off by the action of the ice sheet and is 
sometimes referred to as a ‘‘low flat country’’. These 
comparatively early geological changes left a condition 
from which came the present prairie farm lands. Re- 
garding the formation of the prairie, Woodward (1923) 
points out, ‘‘ All the earlier glaciations left a compara- 
tively plain surface, a large part of which has not been 
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dissected up to the present time.’’ He goes on to say that 
prairie grass first invaded these vast level areas because 
it was able to live through the severe summer droughts 
to which these regions were subjected to. The prai- 
rie grass sod tended to exclude trees although the young 
tree seedlings could not on these level plains survive the 
severe drouth brought about mainly by the high winds. 
The trees could and did survive along streams and on 
ridges where erosion removed the sod and the elevation 
or depression of the land cut down the velocity of the 
wind and prevented the extreme drying out of the soil. 
The trees when once established would furnish their 
own protection against the dessicating action of the 
wind, and would slowly destroy the heavy sod and by 
this means gradually invade the open prairies. Thus 
were developed the prairie and timber lands of this glac- 
iated region. 

The vast prairie and timber areas of southern Illinois 
furnish an almost ideal topography for farm lands. 
This type of land can practically all be utilized for ecul- 
tivated crops, as there is buit little or no waste land on 
each farm due to irregular topography. These level 
farms are adapted to production on a large scale. It is 
this large scale farming which has helped -to create a 
progressive type of farmer, it has olwered the cost of 
producing farm products, and according to Waters 
(1911), for the first time in history, given the world food 
enough to go around. 

The seven counties in the extreme southern part of Illi- 
nois and, parts of the adjoining counties are made up of 
farm lands which have a somewhat different geological 
history, from that of the remaining counties to the north. 
The elevation here varies from 310 feet above sea level 
to 1046 feet above at the highest point of the Ozark 
Ridge in Pope County. According to Weller (1921), 
this region during geological time had a tendency to be 
uplifted at intervals to a greater degree than its sur- 
roundings. At one time it was an island encircled by 
the waters of an ancient sea, while at other times it was 
completely covered with water.. In the same article, 
Weller cites evidences of an ancient voleano in a part 
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of this region. Such geological agencies have left a 
vastlydifferent.type-of-agrieultural land from that left 
by glacial action. This unglaciated land is of a very 
uneven topography, it is dissected by streams and is con- 
stantly being changed by erosion. The land was once all 
heavily forested, and the composition, color and texture 
of the soil varies considerably from that of the glaciated 
area to the north. 
AGRICULTURAL HISTORY. 

It is apparent from historical accounts that the early 
settlers learned that wheat was one of the important 
crops for southern Illinois. In this point Carrier (1923) 
records, ‘‘In 1746 the Illinois country sent down the 
Mississippi to New Orleans 50 tons of flour.’’ This was 
scarcely more than 60 years after the first missions were 
started in this territory. 

Some agricultural conditions which existed in the 
early part of the past century are revealed by Peck, who 
wrote in 1837 regarding some southern Illinois counties. 
He reports that wheat, if properly seeded, rarely fails 
to average 25 to 35 bushels an acre. Oats often yield 
40 to 50 bushels. He-also mentions good results with 
hemp, cotton, tobacco, flax and that considerable quanti- 
ties of castor oil beans were produced in Madison, Ran- 
dolph and other counties. Of clover, Peck says, ‘‘A 
prejudice exists against it, as it is imagined to injure 
horses by affecting the glands of the mouth and causing 
them to slaver.’’ Regarding corn he writes, ‘‘No 
farmer can live without it and hundreds raise little else. 
This is chiefly owing to the ease with which it is culti- 
vated. Its average yield is 50 bushels per acre. I have 
often seen it produce 75 bushels per acre, in a few cases 
exceed 100.’’ In the same book he laments that so few 
of the Illinois farmers have barns for the security of 
their crops. 

The early historical accounts indicate that the early 
settlers found in southern Illinois, a very desirable agri- 
cultural country, in which they could successfully grow 
a variety of crops. Some of these crops, particularly 
wheat and corn, they produced on a large scale and ob- 
tained rather large acre yields. 
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CLIMATIC CONDITIONS, 


The climatic conditions have~a very great influ- 
ence upon soil conditions, and have a significant bear- 
ing upon agricultural production. The amount and dis- 
tribution of rainfall is an all important factor in crop 
production, also is the length of growing season, temper- 
ature, sunshine, ete. 

The annual rainfall for south central Illinois as re- 
ported by Mosier (1918) as a fifty year average was 
41.48 inches, with 56.6 percent of this falling from March 
to August. June is the month with the highest rainfall, 
and October, the month of lowest rainfall. The Ozark 
Ridge region has an average annual rainfall of 43.28 
inches, which is almost 10 inches more than that of the 
extreme northern part of the state. 


Mosier states that the recurrence of months with less 
than 2 inches of rainfall are less frequent in this region 
than in the central and northern part of the state. The 
greater injurious effects from drouth are due almost en- 
tirely to soil conditions. 


The last killing frost in the spring in the south central 
area averages April 15 and the first killing frost in the 
fall averages October 20 giving a growing season of ap- 
proximately 188 days. In the Ozark Ridge region from 
killing frost to killing frost averages April 14 to Oc- 
tober 24, giving a growing season of approximately 193 
days, which is 32 days longer than the growing season 
in the extreme northern part of Illinois. 


The average annual snowfall in southern Illinois is 
17.5 inches, while in northern Illinois, it averages 31.7 
inches. 


The south central area has sunshine 55.1 percent of 
the time out of the possible time that the sun could shine. 
This is the highest percent sunshine in the state. 


This very careful and detailed climatic survey indi- 
eates that southern Illinois has an ample and well dis- 
tributed annual rainfall. It has a comparatively long 
growing season, and not very severe winters. From the 
standpoint of climate, it is a favored agricultural region. 
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AGRICULTURAL STATISTICS, 


The distribution of population has a very marked in- 
fluence on agricultural production and markets. When 
the population of a region is very largely concentrated 
in towns and cities there is apt to be ample nearby mar- 
kets for produce, but when the population is mostly 
rural, the farm products must usually be shipped long 
distances to market. According to census reports (1920) 
southern Illinois had in 1900 in round numbers 99,000 
urban population and 646,000 rural population. In 1920 
the urban population was 358,000 and the rural popula- 
tion was 595,000. In this 20 year period the total popu- 
lation has increased, but there was a decrease in rural 
population and a large increase in urban population. 
The tendency is decidedly toward a larger urban popu- 
lation which will tend to furnish larger demands and 
better markets for farm products. 

Southern Illinois has approximately 71,000 individual 
farms which average about 110 acres per farm, accord- 
ing to census reports (1925). Approximately 69.6 per- 
cent of the farms were operated by owners and 29.9 per- 
cent operated by tenants as compared to 42 percent ten- 
ants for the entire state. Approximately only 0.5 per- 
cent of the farms were operated by managers. 

This region is adapted to growing a wide variety of 
farm crops, however, corn, wheat, oats, and hay occupy 
the larger part of the farm lands. In 1924 there were 
62.8 percent of the farm lands in crops composed mainly 
of the following: Corn 24.3 percent, wheat 14.7 per- 
cent, oats 6.9 percent, and hay 29.3 percent. These four 
crops making up over three-fourths of the total area in 
crops. 

Some extracts from the census report (1920) show 
that in 1919 southern Illinois grew in round numbers 
955,000 pounds of broom corn, 25,000 acres of potatoes, 
6,000 acres of sweet potatoes, 8,000 acres of other vege- 
tables, 6,000 acres of sorghum, making 268,000 gallons 
of syrup. There were in this year approximately 2,979,- 
000 orchard trees of bearing age, 4,400 acres of small 
fruit and 419,000 grape vines. In addition to this, there 
were grown varying amounts of sunflowers, rice, tobac- 
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co, cotton, and other crops. In 1923 there was 9,000,000 
pounds of redtop seed marketed, and in 1924 there were 
15,630 acres of cotton, producing about 3,400 bales of 
lint. The acreage devoted to different crops varies from 
year to year and some particular crops may be omitted 
or receive very little attention for a period of years, 
however, the above serves to show the great variety and 
also the volume of agricultural production in southern 
Illinois. 

Livestock production in southern Illinois is a vast in- 
dustry in itself and this is the source of a large part of 
the farm incomes. According to the 1925 report, in 
1924 there were on the farms in round numbers 202,000 
horses, 80,000 mules, 425,000 cattle, 453,000 swine, and 
sufficient sheep (1919) to produce over 660,000 pounds 
wool. There is also to be included in this an enormous 
amount of poultry and poultry products. The eggs pro- 
duced in 1919 amounted to about 32,729,000 dozens. The 
honey produced in this section for this year amounted 
to over 445,000 pounds. 


SOIL INVESTIGATION WORK, 


The outstanding fact about southern Illinois agricul- 
ture is that in a very large part of this area, the acre 
production is low. The volume of total production is 
relatively large; yet, the unit production is sometimes 
so low that the products from an acre of land may sell on 
the market for less than the cost of production when this 
cost includes an ample remuneration for labor, interest 
on the investment, depreciation and taxes. 

A direct comparison of several counties in southern 
Illinois with counties in central Illinois shows the great 
difference in the productiveness of the soils of these two 
regions. The 14 year average (1911-24) corn yield for 
three central counties is as follows: Champaign 40.4 
bushels, Logan 40 bushels, McLean 39.4 bushels, and 
three southern counties, Bond 23.2 bushels, Clay 22.7 
bushels, and Marion 19.3 bushels. There are some south- 
ern counties that average a little higher than the above, 
however all of the counties named are representative of 
general soil areas. These comparative corn yields illus- 
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trate the fact that southern Illinois farm lands are far 
less productive than the lands to the north of this area. 

The farm lands in the two sections represented by the 
above counties is that of glaciated areas, the distinguish- 
ing factor here in all probability is the difference in age 
of the glaciatons represented. The southern Illinois area 
representing the older glaciation has for a longer time 
been subject to the action of climatic conditions and 
other agencies which have depleted this soil of a large 
amount of its natural fertility. The problem of restor- 
ing this soil fertility is a question which has received a 
great deal of attention, and there are many aspects to its 
solution of this problem. At the present time the eco- 
nomic aspect seems to be one of the most formidable 
obstacles, however, this may in time cease to be a serious 
handicap as the country develops and conditions change. 
The scientific aspect of the southern Illinois soil prob- 
lem has received very careful consideration and the prog- 
ress made so far indicates some very encouraging re- 
sults. 

SOIL CLASSIFICATION AN CHEMICAL ANALYSIS. 

The classification of soils includes the mapping out 
in a systematic manner all of the numerous types of soil 
to be found in each of the various counties. In this in- 
vestigation the county is used as the unit of survey and 
soil maps and reports are published on this basis. This 
work reveals that Clay County (1911) which is in the 
glaciated area, has some 14 distinct types of soil. Of 
these types, Gray Silt Loam on Tight Clay makes up 
about 37 percent of the total area, and Brown-Gray Silt 
Loam makes up a fraction of one percent of the total. 
Bond County (1913) another in the glaciated area, has 
also 14 distinct types of soil. Here Gray Silt Loam on 
Tight Clay makes up 32.66 percent of the total and 
Brown-Gray Silt Loam on Tight Clay makes up addi- 
tional 16.54 percent of the total. These two types make 
up practically half the soil of the county. 

In the Ozark Ridge area, Hardin County (1912) has 
10 distinct types of soil, with Yellow Silt Loam timbered 
soil making up 70.5 percent of the total area, and Yellow 
Gray Silt Loam making up an additional 6.17 percent 
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Johnson County (1925) also an Ozark Ridge county has 
7 distinct types of soil. Here Yellow Silt Loam timbered 
soil makes up 61 percent of the total, and Yellow Gray 
Silt Loam timbered soil makes up an additional 13.15 
percent of the total. These two types make up approxi- 
mately three-fourths of these Ozark Ridge soils. 

The comparative fertility of the above named types 
of soil as indicated by chemical analysis is illustrated in 
Table I. In this table is also shown the chemical com- 
position of one of the best corn belt soil types known as 
Black Clay Loam (1915). 


TABLE I. 


Total Plant Food Elements in Various Soil Types. Surface Stratum About 
6% inches in depth. Figures represent average pounds per acre. 


(Two Million pounds of soil.) 


2 








| | | 
] Organic | Nitro- | Phos- Potas- | Mag- 
| Carbon. | gen. | phorus. sium. | nesium. eecteag 
| | | | 
Corn Belt Soil..| 57410 8160 | 2000 34210 16580 | 31240 
Gray Silt Loam..| 26970 2790 | 750 | 24830 4690 | 3420 
Brown-Gray | | | | 
Br ere |} 29490 | 2840 | 670 | 31040 | 4590 | 6210 
Yellow Silt | | | 
So  ERtS Pe } 12880 | 1250 |} 840 | 34200 7710 =| 39380 
Yellow-Gray Silt | | 
Loam .........| 19470 | 1960 | 970 | 31420 4620 |} 4010 
| | 


| | | | 


The comparison based on chemical analysis shown in 
Table I, indicates very decidedly that the soil types 
which generally predominate in southern Illinois are de- 
ficient in organic carbon (organic matter) and conse- 
quently deficient in nitrogen. Based on this comparison 
there is also a decided shortage of phosphorus, magnes- 
ium, ard calcium. Potassium is apparently abundant in 
the southern Illinois types, and the problem with this 
element is whether or not the natural supply can be made 
sufficiently available, or will additional soluble potas- 
sium have to be added to these soils? 

In brief the problem of restoring the fertility to these 
soils is apparently a problem of replenishing the defic- 
ient elements as shown by the comparison in Table I. 
The scientific aspect of this may in all probability be 
quickly and thoroughly solved, but applying the solution 
to the 71,000 individual farms is in itself a vast and in- 
tricate problem. 
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FIELD EXPERIMENTS. 

Probably among the most primitive yet effective meth- 
ods of maintaining the productiveness of the land is that 
of crop rotation. The American Indian in his agricul- 
tural efforts practiced a system of rotation. On this 
point Carrier (1923) records, ‘‘The Indian in this land 
of boundless acres practiced a rotation of ‘fields rather 
than a rotation of crops. A field was cropped until it 
no longer produced profitable yields, then it was aban- 
doned and new land cleared.’’ The present day farmer 
apparently would gladly follow the old Indian practice 
were it possible to do so, but he must confine his farming 
operations to the same set of fields year after year. This 
practice calls for a very careful study and a close appli- 
‘ation of some accepted and well balanced system of crop 
rotation. 

The possibilities of crop rotations as one means of 
keeping land productive is illustrated by the long time 
results obtained on the Morrow Plots which are operated 
by the Illinois Experiment Station at Urbana. In this 
experiment there is a comparison of three distinct erop- 
ping systems which have been carried on since about 
1879, and the results presented in Table II are most in- 


structive. 


TABLE II. 
Corn Yields from the Morrow Plots. Figures Represent bushels per acre. 





| eae 
Cropping System. 1907. 1913. | 1919. 1925. | penmank: 


19.4 24.0 19.1 20.6 
Corn—Oats | 47.8 29.2 | 30.8 26.7 33.6 
80.5 33.8 52.2 | 42.0 52.1 


Continuous corn | 20.0 


PLS OEE 
| 





This test is composed of three plots lying adjacent to 
‘ach other, and each plot through the years has carried 
the same cropping system. One plot has been continu- 
ously in corn, year after year, another plot had corn one 
year, and oats the next, and the third plot had corn, one 
year, then oats, and then clover. This plan gives a corn 
crop on all three plots every sixth year so that a direct 
comparison may be made for the years indicated in Table 
Il. In this experiment the use of clover in the corn- 
oats rotation has increased the average corn yield 18.5 
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bushels per acre over the corn-oats rotation. The corn- 
oats-clover rotation has increased the average corn yield 
31.5 bushels an acre over the continuous corn system. 
While this experiment is conducted under soil conditions 
not exactly similar to those of southern Illinois, yet it 
serves to illustrate the possibilities and value of crop 
rotation as a means of keeping up the productiveness of 
the land. 
ADDING FERTILITY TO THE SOIL, 

The New England settlers early adopted the Indians’ 
plan of fertilizing their corn crop. Carrier (1923) cites 
the following as written by Morton in 1632. ‘‘ You may 
see in one township a hundred acres together set with 
these fish, every acre taking 1,000 of them, and an acre 
thus dressed will produce and yield as much corn as 
three acres without fish.’’ The fields thus fertilized 
were located near streams in which the fish were very 
abundant. In the decomposition of the fish there was 
supplied in a very available form a part of the plant 
food needed for the production of the corn crop. 

Regarding the early use of limestone in this country, 
Carrier cites the two following instances: Kalm of 
New Jersey in 1748 mentions a red limestone which the 
farmers were using to manure their lands. William 
Logan in 1754 records putting 50 bushels of stone lime 
in small heaps to an acre. His farm was near Phila- 
delphia, Pennsylvania. These references show that the 
fertilization and liming of farm lands is by no means a 
new practice in this country. Some of the early settlers 
in their efforts practiced more or less intelligently a few 
of the general principles of the science of soil fertility; 
however, today we have a more thorough understanding 
of these principles and can apply them more correctly 
and with greater economy than did the Indian and pio- 
neer white man. 

In discussing the fertility of Illinois soils, Hopkins 
(1908) says, ‘‘The productive capacity of practically all 
soils in good physical condition is measured by the avail- 
able supply of limestone and the three elements, phos- 
phorus, potassium, and nitrogen, because they are re- 
quired by all crops in very considerable quantities, while 
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in most soils the supply of one or more of them is limited. 
If the supply of one of these elements is too limited, it 
must as a consequence, limit the yield of the crop, even 
though all other factors essential to crop production are 
well provided for. It is because of these facts that lime- 
stone, phosphorus, potassium, and nitrogen, in commer- 
cial form have recognized money values.’’ Somewhat 
on this basis there was put in operation a system of ex- 
periment fields covering very thoroughly the principal! 
soil types of southern Illinois. In these field experi- 
ments it was the aim to utilize fertilizing materials which 
would supply the soils need for certain elements at the 
lowest possible cost. It is very essential that low cost 
materials be used when farming operations are on an 
extensive scale and the margin of profit is narrow as in 
this region. 

Ground limestone was used to correct the acidity of the 
soil and to supply calcium and magnesium. Nitrogen 
was supplied by manure, legumes, and other crop resi- 
dues. Phosphorus was supplied by finely ground rock 
phosphate. Potassium was supplied by kainit or liber- 
ated from the large natural supply in the soil. All of 
these materials are such as to supply the desired ele- 
ments at a very low cost. 

The influence of manure alone as compared with ma- 
nure and limestone is shown in Table III on the Enfield 
Kixperiment Field in White County. 


TABLE IIL. 
Crop Yields in Bushels and Pounds per acre. 12 year average 


| 
| Wheat Corn Oats 
|} Bu. Bu. 


| 
Untreated land 5.4 18.1 11.6 


Manured land | 8 | 36.4 


15.6 
Manure and Limestone 


This table indicates that manure alone does increase 
the crop yields, but not until limestone is used with the 
manure is there any great progress made toward restor- 
ing the produetivity of the land. 

The value of legumes and other crop residues as a 
source of nitrogen is illustrated in Table IV. The legume 
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which has been found up to the present time to be best 
adapted to soil improvement is common sweet clover. 
This legume has been used in experimental work in 
southern Illinois since 1905, and its effect upon crop 
vields is remarkable. Table IV shows the influence of 
sweet clover on the Enfield Experiment Field when used 
with limestone, rock phosphate, and kainit. 


TABLE Iv. 
Crop Yields in Bushels and Pounds per Acre as a 12 Year Average 





1914-25. 
| | 
| Wheat; Corn | Oats | Hay 
Soil Treatment. | Bu. Bu. | Bu. | Lbs. 
RMR aS ait HEM <e i baciennese 
No lime and no sweet clover.......... | 7.3 22.8 12.8 360 
ee CUNSG : BONOE sak cise cn betctecue } 16.0 36.9 24.0 2280 
Lime, sweet clover, rock phosphate....| 20.6 39.9 27.2 2060 
Lime, sweet clover, rock phosphate, | 
EE. Rhee eae ss «0 ek.c'esb'c ae cee kee Oe 20.9 43.3 29.6 2220 
| 


On this field the sweet clover was used as a green ma- 
nure crop and results from its use as a source of nitro- 
gen compares very favorably with the results from 
stable manure on this type of soil. 

The sweet clover, limestone, rock phosphate, combina- 
tion was apparently effective in restoring fertility on the 
unglaciated soils of the Ozark Ridge region. Table V 
shows crop yields from the Elizabethtown Experiment 
Field in Hardin County. This field has been in oper- 
ation since 1917 and represents the Yellow Silt Loam 
soils of that region. 


TABLE V. 
Corn and,Wheat Yields in Bushels per acre, 4 years Average—1922-25. 


| 
Soil Treatment, | Corn, | Wheat. 
—_ — - 
RE, RE: AG Ds ute Fol o 646.089 6O0 04 wOe 48? 8.4 3.6 
Limestone—sweet clover ....... etVadnetea aces 33.7 11.4 
Lime, sweet clover, rock phosphate............. 47.3 18.4 
Lime, sweet clover, rock phosphate, kainit...... | 47.7 19.8 


The results in Table V shows that the soil treatment 
indicated is very effective in increasing crop yields and 
restoring the fertility of the soil. 

Experimental soil improvement has been in progress 
in various parts of southern Illinois for a number of 
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years, and its practical possibilities may be determined 
with a fair degree of accuracy. While experimental 
success does not always assure practical success, yet it 
is a fair indication of what may be reasonably expected. 
The following plates show some graphs prepared by 
Hein (1926) indicating the trend of crop yields on 
treated land as compared with those on untreated land. 
These drawings. visualize experimental results and aid 
materially in their interpretation. 

In Text, Figurel, the curved lines represent the an- 
nual corn yields. The Heavy straight line indicates the 
trend of corn yields on the untreated land (O) and the 
broken straight line indicates the trend of corn yields on 
treated land (RL). The treatment in this case consists 
of limestone and sweet clover as a green manure. The 
figures represent a 13 year average (1913-25) and are 
taken from two experiment fields, Enfield (White 
County) and Raleigh (Saline County). Here the corn 
yield on the untreated land, has gone down from 21.4 
bushels to 19.2 bushels an acre during the 13 year period. 
On the treated land however, the yields have gone up 
from 30.6 bushels to 39.9 bushels an acre, and in 1925 
the trend of the treated land yield is over 20 bushels an 
acre higher than that of the untreated land. Text Fig- 
ure 2, shows the trends of the lime-sweet clover treat- 
ment (solid line) compared with the lime-sweet clover- 
rock phosphate treatment (broken line RLP). In this 
comparison the addition of rock phosphate has given a 
decided upward trend to the corn yield which is 8 
bushels an acre above the lime-sweet clover treatment 
and about 28 bushels an acre above the untreated land. 

In Text Figure 3 is shown the annual acre production 
and trend of wheat yields on three experiment fields lo- 
cated, respectively, at Toledo, Oblong, and Ewing. These 
fields are representative of the Gray Silt Loam 
prairie soils. The straight heavy line represents the 
trend of wheat yields on untreated land (O) which has 
been slightly upward during the past 13 years. The 
broken heavy line represerits the trend of wheat yields 
on the sweet clover-limestone treatment and shows the 
yield has, gone up from 13.8 bushels to 19.6 bushels an 
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acre and is 12 bushels an acre higher than the untreated 
land. Text Figure 4, shows in the broken straight line 
the influence of the addition of rock phosphate (RLP) 
over the lime-sweet clover treatment (RL). Here the 
addition of rock phosphate has sent the wheat yield up 
to 28.3 bushels an acre as compared to 19.6 bushels on 
the lime-sweet clover treatment and 7.6 bushels on the 
untreated land. 

These experimental results show very favorable acre 
yields, and they show very good indications that south- 
ern Illinois soils are very responsive to certain fertility 
treatment. Since these experimental results are sufli- 
ciently reliable to place before the farmer it is interest- 
ing to note how he responds to them. In 1906 there 
were approximately 120 tons of limestone used on south- 
ern Illinois farms, while according to Bent (1926) in 
1925 about 20 years later there were used in this region 
in a single year 322,650 tons of agricultural limestone. 
In 1924 there were 26,650 acres of sweet clover 
seeded, while 10 to 12 years previous there was scarcely 
any seeded. A great deal of the credit for this educa; 
tional work belongs to the local farm bureau organiza- 
tions, and these results show that a great deal of prog- 
ress is being made toward restoring the fertility to south- 
ern Illinois farm lands. 
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THE NAIAD FAUNA OF THE ROCK RIVER 
SYSTEM: A STUDY OF THE LAW OF 
STREAM DISTRIBUTION.* 


Frank Couiins Baker, University or ILitNots. 


During the past twenty years the method of studying 
animal life, under the stimulating influence of the laws 
of organic evolution, has greatly changed. Instead of 
the description of hosts of new species which was large- 
ly in vogue during the time of Conrad, Lea, and Tryon, 
often based on material from little known, or even un- 
known, habitats, we now have the comparison of thou- 
sands of specimens from different habitats, studied from 
the standpoint of the relation of the animal! to its en- 
vironment, the changes of the same species in different 
environments, and search for the reasons for such 
changes or adjustments—the Science of Ecology. 

Among the varied themes which have attracted the 
attention of ecologists, none is more interesting than the 
study of the inhabitants of a stream from its source to 
its mouth. Dr. C. C. Adams was one of the first to make 
a study of this sort on a large scale, which he called 
longitudinal distribution in streams (1915, p. 73). His 
study of the genus Io is classic and is a pattern for any 
one wishing to carry on similar investigations. Ort- 
mann (1920, 1925) has conducted such studies for the 
naiades or river mussels and has found that there is a 
general law of distribution which affects certain species, 
which are of more or less primitive structure, while 
others of more complex organization are not so greatly 
affected. More recently, Grier has studied the Lake 
Pepin mussels from the same viewpoint (1926). Studies 
in Wisconsin and Illinois indicate that the law may be 
more universal than at first thought by Ortmann. 

Ortmann formulates this law as follows: certain nai- 
ades change their shape along the course of one and the 
same river in such a way, that 

1. ‘*The more obese (swollen) form is found farther 
down in the large rivers, and passes gradually, in the up- 


*Contribution from the Museum of Natural History, University of 
Illinois, No. 37. 
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stream direction, into a less obese (compressed) form in 
the headwaters ; 

2. ‘*With the decrease in obesity often an increase 
in size (length) is correlated. 

3. ‘‘A few © ells, which have, in the large rivers, a 
peeliar sculpture of large tubercles, lose these tubercles 
in the headwaters (1920, p. 311).’’ In a study of the 
Big Vermilion River, in Illinois (Baker, 1922) this law 
was found to operate in the case of several species. 

Another law which affects the fauna as a whole and is 
strictly ecological, is the increase in number of species 
from headwaters to mouth of a system. This was strik- 
ingly shown in the study of the Big Vermilion River, 
where the naiad fauna increased from three to 28 species 
in a length of 27 miles (Baker, 1922, p. 22). During the 
course of studies on the fauna of Wisconsin rivers and 
streauis! this law was observed to be universal for the 
type of species mentioned by Ortmann and also upon 
others of the higher and more complex types—Lampsilis. 

The accumulation of considerable data on the fauna of 
the Rock River system, both in Illinois and Wisconsin, 
has suggested that a similar study of this fauna might 
bring out added facts in corroboration of this law. (PI. 
II.) 

PHYSIOGRAPHY OF THE ROCK RIVER SYSTEM, 

The Rock River System drains a portion of southeast- 
ern and southern Wisconsin and a large part of north- 
western Illinois. Its basin is said to cover an area of 
upwards of 11,000 square miles—5,566 in Wisconsin and 
5,419 in Wlinois (Leverett). The drainage basin is 50 
miles wide in Wisconsin, swells to 80 miles in width near 
the Illinois State line, and contracts to 40 and then to 
25 miles in Illinois, toward its junction with the Missis- 
sippi River. Its total length is about 175 miles. 
Throughout the greater part of its length it flows through 
glaciated territory, mostly Wisconsin drift, although in 
the western part of the Illinois basin there is an older 
drift, the Iowan. In the western part of the Wisconsin 
basin it flows through the driftless area, and here the 
streams have formed the dendritic pattern of an old 
stream system, quite unlike the simple drainage pattern 
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of the outer portions of its basin, which is that of a 
young river basin. In the area of the Wisconsin drift, 
where the youngest portion of the stream is found, there 
are numerous lakes of various sizes and depth and a 
quantity of swamp land, all indicatioyg of a youthful 
stream system which has just begun to fashion its ,bed 
after the withdrawal of the great Wisconsin ice sheet. 


There are several notable tributary streams of good 
size;the Sugar, flowing mostly in Wisconsin and empty- 
ing into the Pecatonica in Illinois, the Pecatonica, with 
a length of 150 miles and a drainage area of 2,225 square 
miles, a greater part of which is in the driftless area of 
Wisconsin, the Kishwaukee, wholly in Illinois, about 50 
miles long, and draining an area of some 1,266 square 
miles, and the Green River, also in Illinois, with a length 
of 100 miles and an area of 1,131 square miles. In Wis- 
consin the Yahara River drains the chain of laacs esr 
Madison, the Crawfish River drains a portion of the 
novthern drainage area of the Rock River system, and 
the Bark River another portion, including several small 
lakes. There are many small tributary streams. 


The Rock River system is admirably adapted for eco- 
logical study on account of its diversity of form, em- 
bracing every variation of vital character—large and 
small lakes, swamps, creeks, small, medium and large 
size rivers. For comparison of fauna with physiog- 
raphy it is unsurpassed. It is to be regretted that it 
has not been possible to make systematic surveys of the 
different branches of the system, from source to mouth, 
so that exact comparisons might be made as to parallel 
variation of the fauna. This would require a large 
amount of time, but the resulting data would be of value. 


SOURCE OF MATERIAL, 


While the material upon which the present study is 
based is insufficient for a complete comparison of the 
fauna of the whole system, it is still large and varied 
enough to be of value and to indicate in a decisive man- 
ner the working of Ortmann’s law of stream variation. 
The material studied is from the following sources: 
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Wisconsin areas, Dr. A. R. Cahn, University of Illinois; 
Prof. Chancey Juday, University of Wisconsin; Mr. D. 
S. Bullock, Madison; Mrs. E. C. Wiswall, Kenosha, Wis., 
the University of Wisconsin collection. The Illinois ma- 
terial is from the collection of the veteran collector and 
student, the late Anson A. Hinkley, whose splendid col- 
lection is now in the museum of the University of Illi- 
nois. Mr. R. EK. Richardson, of the State Natural His- 
tory Survey, has supplied data for the lower part of the 
Rock River in Illinois, and to him the author is deeply 
indebted for notes and material. 


DISTRIBUTION staTIONS (See map, pl. IT.). 


For the better and more comprehensive comparison of 
the different parts of the system certain stations have 
been arbitrarily made. These and listed below and are 
shown under the same numbers on the map. 


I. Small lakes—Oconomowoc, La Belle, Golden, etc. 
II. Ashippun River. 
1II. Neosho mill pond, Rubicon River. 
IV. Bark River, at Donsman. 
V. Rock River, Ashippun to Ixonia. 
VI. Crawfish River at Aztalan. 
VII. Rock River, Jefferson to Ft. Atkinson. 
VIII. Rock River, Rock Co., Wis. 
IX. Rock River,- Winnebago Co., Ill. 
X. Rock River, near Oregon, III. 
XI. Rock River, Dixon to Como. 
XII. Rock River, Lyndon to Cleveland. 
XIII. Kents Creek, near Rockford, III. 
XIV. Sugar River, Wis., near Brodhead. 
XV. Pecatonica River, Ill., mostly near junction with Rock River. 
XVI. Kishwaukee River, Ill., above junction with Rock River. 


DISCUSSION OF THE DISTRIBUTION, 


A study of the table and map shows that there is a 
gradual increase in number of species toward the mouth 
of the river. The lakes are poor in forms of naiades, 
indicating that this is not their normal habitat, a fact 
shown by the decrease in size of the individuals and the 
small number of species—only six in all small lakes com- 
bined. It is to be noted that five of these are varieties 
of normal stream species and the sixth is normally a 
lake species (Anodonta marginata). 
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Small stream or creek forms are numerous in the 
smaller streams of the upper part of the system, as well 
as in small creeks which occur along the large stream 
farther down in its course. The principal creek species 
are Anodonta grandis, Alasmidonta calceolus, Lampsilis 
siliquoidea, Fusconaia flava, Ligumia ellipsiformis, El- 
lipto dilatatus delicatus, Lasmigona compressa, Amble- 
ma costata, Pleurobema coccineum, Anodontoides ferus- 
sacianus subcylindraceus. When the river has increased 
to a good size, as in Rock County in Wisconsin and Win- 
nebago County, Illinois, the fauna assumes a different 
aspect, such species as Fusconaia undata, Amblema 
rariplicata, Proptera alata megaptera, Elliptio dilatatus, 
Quadrula pustulosa, Tritogonia verrucosa, Pleurobema 
coccineum solida, Plethobasus cyphyus, Cyclonaias 
tuberculata, and Obliquaria refexa being characteristic. 
It will be noted that the species taking the places of the 
small stream species are larger and more corpulent, 
though they may not be as great in length as the small 
stream species in which there is a lengthening in connec- 
tion with the flattening of the shell. 


In the lower part of the system (XI, XII) the fauna 
changes again and such species as Anodonta corpulenta, 
Truncilla truncata and donaciformis, Quadrula meta- 
nevra, Plagiola lineolata, Lampsilis anodontoides, Obo- 
varia olivaria, Proptera laevissima, Lampsilis higginsii, 
and Fusconaia undata trigona become characteristic. 
These are large and heavy species, for the most part, 
quite unlike the small, thin or delicate forms of the upper 
part of the stream. It is to be noted that the progres- 
sion down stream is gradual, one set of characteristic 
species extending both above and below into the next 
characteristic group of species. The change from one 
set of conditions to another is so gradual that it will not 
be appreciated unless the stream is studied in the man- 
ner previously indicated. 


The ecological features of the distribution of the 
naiades in different kinds of habitats is strikingly shown 
in the study of a river system. Several species of Rock 
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River naiads admirably illustrate this law, as noted in 
the table below: 


Medium Rivers 


Large Rivers 


Lakes Creeks Rock Mississippi 

A. footiana grandis gigantea corpulenta 

L. rosacea siliquoidea siliquoidea siliquoidea 

L. canadensis ventricosa ventricosa occidens 

F. sterkii flava undata trigona 

| ge ot ee compressa costata costata 

A. plicata costata rariplicata peruviana 

L. recta latissima latissima latissima 

P. alata megaptera megaptera megaptera 

Wee ete Gees coccineum catillus solida 


Kach of the above types of habitat have physiographic 
characteristics that are doubtless reflected in the life in- 
habiting such habitat. Thus, the lakes usually have 
more or less exposed shores upon which the waves cease- 
lessly beat with more or less violence, the bottom is made 
up of sand, gravel or boulders, or, more usually, a com- 
bination of all three, and there is usually little vegeta- 
tion to bind the bottom firmly together. The naiad life 
in this habitat consists of small-shelled mussels, easily 
anchored between boulders or in the gravelly-sand, and 
from their small size are less liable to be rolled about 
and destroyed by the waves. 

In the creeks, the bottom is a succession of riffles in- 
terspersed between pools of deeper water, the naiads 
usually living in the riffles where the bottom is gravelly 
or sandy, sometimes bouldery, with a good to rapid cur- 
rent. The mussels usually lie with their siphons point- 
ing upstream, the better to catch the floating plankton- 
like food in the current. The mollusks of this habitat 
are of médium size, more or less elongated and com- 
pressed, usually clean and polished, the water of such a 
habitat usually being a few inches to a foot or more in 
depth in summer. In the medium sized rivers, the water 
is deeper, there are no riffles, the bottom is usually of 
mud or fine sand and the naiads live all over the bottom, 
excepting in the deeper places. The mussels are here 


large and more swollen than in the creek environment. 
In the large rivers, as the Mississippi and Ohio, and also 
in the mouth of the Rock River, the water is deep, the 
river has a strong, steady current, the bottom is of mud 
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and the mussels are large, very robust, and usually live 
in a zone bordering the shore. They have, however, 
been dredged in water 20 or more feet deep but are more 
common in from 5 to 7 feet. 

The history outlined above appears to be repeated in 
every river system, with more or less minor variation. 
When a fauna is studied from the ecological standpoint, 
the great individual variation is easily understood, each 
type of habitat—lake, creek, small, medium and large 
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NAliAD DISTRIBUTION IN Rock River 
Plate II. 
rivers—having a more or less central type which is fair- 
ly distinct but‘which merges into the one above and be- 


low by almost imperceptible gradations. The time-hon- 


ored statement that such and such species ‘run into each 
other’ is based on this variation in stream habitat, which 
was, of course, not appreciated by the older students. 
That the physical environment does have a decided in- 
fluence on the formation of varieties, and even species, 
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is most convincingly shown by the study of the life in a 
large river sytsem, with its varied habitats of swamp, 
lake, creek, and river. That the naiad type of one kind 
of a habitat will change to that of another in a short 
period has been observed in several places, especially in 

Wisconsin. In one instance, a small stream was dam- 

med some 60 years ago for the purpose of carrying on 

lumbering operations. The fauna of the original local- 
ity was that of a creek. When this artificial lake, which 
is of considerable size, nine miles long and half a mile 
wide, was examined several years ago, it was found that 
many of the species had changed from the creek to the 
pond type, especially some of the naiades. But this is 
another story which must be told in another place. These 
facts show graphically that the animal life changes with 
the physiographic changes in the environment, whether 
they be from natural or from artificial causes, indicating 
that to properly understand the fauna of a river sys- 
tem it must be studied in the manner outlined in this 
paper. 
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EXPLANATION OF PLATES. 

Plate I.’ Showing the effect of the law of stream distribution on 
a common mussel. 

1, 2. Fusconaia flava (Raf.). The compressed, elongated form 
that is characteristic of creeks and small streams. From Kents Creek, 
near Rockford, Ill. Z5447, U. of Ill. 

3, 4. Fusconaia undata (Barnes). The more corpulent, less elon- 
gated form found in rivers of medium size. Winnebago Co., Ill. Z3863, 
U. of Ml. ‘ 

5. Fusconaia undata trigona (Lea). The more corpulent, much 
shortened form with very high umbones, characteristic of the large 
rivers, as the lower Rock, the Wabash, and the Mississippi. From 
Wabash River, White Co., Ill. Z5480, U. of Ill. 

6. The Mississippi River form, the maximum of corpulosity. 
From Hudson, St. Croix River, Wis. U. of Wis., 810. 

Plate II. Map of the Rock River in Illinois and Wisconsin show- 
ing the distribution of the Naiades of that stream. Note that the num- 
ber of species increases toward the mouth at the Mississippi River. 

I, II, III, ete., Stations; 5, 14, 30, ete., number of species at this 
station. 
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SOME ILLINOIS OZARK FERNS IN RELATION TO 
SOIL ACIDITY. 


Mary Minerva Sreacaui, Sournern Iturois Stare 
Treacuers CoLiece, CARBONDALE. 


This ecological study of ferns, relative to soil condi- 
tions, slope, rock face, plant associations and nature of 
underlying strata was undertaken under the direction 
and inspiration given by Dr. H. C. Cowles, during his 
visits to the Southern Illinois Ozarks. It was pursued 
during the course of two years, and the data on soil 
acidity was taken during two summer and fall seasons. 

The region selected is especially suited for this study 
because it furnishes a great range of radiant, physio- 
graphie and geological features. These give rise to a 
variety of light, soil, slope, rock face and temperature. 
It is a region located mostly along the northern slope 
of the Southern Illinois Ozarks, south of a line running 
east and west through Carbondale, Illinois. It dips into 
Union County, including Alto Pass, Bald Knob and 
Giant City; and into Johnson County, including Ferne 
Clyffe and Benson Bluff. The remainder of the region 
is included in Jackson County. From east to west it 
extends about thirty-six miles, the width from north to 
south is nearly twenty-four. Its area is a little less 
than six-hundred square miles, and approaches the size 
of Jackson County. 

Although there are a number of fern locations in this 
territory, the extent of the area is so small that these 
all belong to one geographical unit. The ferns studied 
are all native to the region. The factors that will be 
considered are climate, rainfall, light, shade, geological 
composition of rock, Physiographic features and nature 
of the soil with respect to acidity. 

Only weather conditions and soil acidity have been 
quantitively studied. 

The meterological data are taken from the records of 
the station at Carbondale, (4) which is the nearest one 
to the area as a whole. In a period of ten years there 
were but two years when the summer temperature did 
not reach one hundred degrees Fahrenheit, or above. 
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During these two it lacked but two degrees of the one 
hundred mark. The average maximum for the ten years 
is almost exactly one hundred. There were four years 
when the minimum did not reach zero. The average is 
exactly zero for the coldest days. In the winters of 1912 
and 1918 the temperature reached minus twenty-four and 
minus eighteen degrees respectively. The average mean 
July temperature for the last ten years is 80.04°. The 
average date of the first killing frost of fall is October 
twenty-fifth. The average date of the last killing frost 
of spring is April ninth. This gives an average period 
free from frosts of six months and sixteen days. 

The rainfall of the region is the heaviest in the state, 
and has ranged from forty-four to forty-five inches for 
ten years. For Carbondale the average is forty-four 
inches, for some of the higher slopes it averages forty- 
five inches for ten years. The average distribution of 
rainfall by months is quite uniform, with a slight maxi- 
mum in March, June, and November; and a minimum in 
August, September and October. In the summer months 
the amount sometimes falls low. For instance, in 1914 
only ninety-two hundredths inches fell in June and 
thirty-five hundredths inches fell in July, making in all, 
for a period of two vegetatively important months, a 
rainfall of but one and twenty-seven hundredths inches. 
The mean monthly temperature for July of that year 
was eighty-three degrees, or three degrees above normal. 
Again in 1916 the rainfall in July was only twenty-one 
hundredths inches, while the mean temperature for the 
time was eighty-two degrees, two degrees above the aver- 
age. ' 

It is not, however, the mean temperatures and aver- 
age rainfall, nor the average date of killing frosts that 
are the telling features of the vegetative species found, 
but the extremes of these that are the decisive things in 
the control of species in any locality. To illustrate with 
a critical temperature: A region whose average mini- 
mum temperature is just above freezing, will run some- 
times above, sometimes below the freezing point, and 
thus all plants that can not endure frosts will be driven 
out. Such a region could not grow tropical plants, al- 
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though such plants might live there for a few winters. 
On the other hand, to illustrate with a temperature not 
critical: A region whose temperature has an average 
maximum of one hundred, might run often enough to 
one hundred five or six to kill out plants which might 
possibly endure an occasional temperature of one hun- 
dred degrees. So this region which sometimes ranges to 
one hundred four degrees maximum, and to minus 
twenty-four, minimum, has a range of almost one hun- 
dred thirty degrees temperature. Plants not able to en- 
dure this range of temperature would be driven out, or 
found only in occasional, well protected areas. 


The species found in the region are: (10), (2), (1). 
#1 Polypodium vulgare, L., common polypody. 
#2 Polypodium polypodioides, (L), resurrection fern. 
3 Phegopteris hexagonoptera, (Michx), Fee., broad beech fern. 
4 Adiantum pedatum, L., maiden hair fern. 
5 Pteris aquilina, L., commonbrake, or bracken. 
#6 Cheilanthes lanosa, (Michx) Watt., hairy lip-fern. 
#7 Cheilanthes feei, Moore. 
#8 Pellaea atropurpurea, (L) Link, purple cliff brake. 
#9 Asplenium pinnatifidum, Nutt, pinnatifid spleenwort. 
#10 Asplenium trichomanes, L. 
#11 Asplenium parvulum, Mart. & Gal. 
#12 Asplenium platyneuron, (L) Oakes, ebony spleenwort. 
13 Asplenium angustifolium, Michx, narrow leafed spleenwort. 
14 Asplenium acrosticoides, Sw., silvery spleenwort. 
15 Asplenium filix-femina, (L) Bernh, lady fern. 
#16 Camptosorus rhizophyllus, (L) Link, walking-leaf fern. 
#17 Polystichum acrostichoides (Michx) Schott., Christmas fern. 
#18 Polystichum acrostichoides, var. Schweinitzii. 
#19 Aspidium marginale (L) Sw., evergreen shield fern. 
#20 Aspidium spinulosum, var. intermedium (Muhl) D. C. Eaton, 
spinulose wood fern. 
21 Cystopteris bulbifera (L) Bernh., bulblet bladder fern. 
22 Cystopteris fragilis (1) Bernh., fragile bladder fern. 
23 Woodsia obtusa (Spreng) Torr, blunt lobed woodsia. 
24 Onoclea sensibilis L., sensitive fern. 
25 Osmumda cinnamomea, L., cinnamon fern. 
26 Botrychium virginianum, (L) Sw., grape, or rattlesnake 
fern. 


In Union County ferns have been studied and listed by 
C. M. Wright, in Jackson County by G. H. French. 
Wright in Union County showed nothing different. 
French in Jackson County has listed three ferns not in- 
cluded in the above, as follows: 


1. Botrychium ternatum, (Thumb) Sw., ternate grape fern. This 
fern is probably in Jackson County, but has not been found in the 
areas studied. It is found in more open woods and pastures. 

2. Osmunda regalis L. flowering or royal fern. This was found 
but once by Mr. French, in a shady nook, by a railroad pond, near 
Bosky Dell, where the railroad cuts off a bend in Drury Creek. 
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3. Asplenium ebenoides, R. R. Scott, Scott asplenium. This was 
found but once, near Ava, by Mr. John Marten, a number of years ago. 
The single specimen was identified by Dr. Asa Gray as Asplenium 
ebenoides. It was destroyed by the fire which burned the Normal 
building, Nov. 26, 1883. 

There are four species in this collection not collected 
by either Wright or French, as follows: 


1. Asplenium acrosticoides Sw., found abundantly in the ravines 
of Big Hill and Bald Knob, always in association with A. angustifolium 
and A. filix-foemina, and intermediate between them. 

2. Polystichum acrostichoides, var. Schweinitzii, found in associa- 
tion with the above spleenworts, and its near relative, P. acrostichoides. 
It almost supplemented the latter on the limestone talus of Grand 
Tower and Bald Knob. 


3. Asplenium parvulum, found only on the limestone at Bald 
Knob and near Grand Tower, growing either in the crevices of the 
limestone, or on the rich mold covering them. 

4. Osmunda cinnamomea, found but once, and then in a cool 
easterly facing beech-wood ravine on the east side of Bald Knob. It 
was found in association with the three Aspleniums mentioned under 
1, with Phegopteris hexagonoptera and Adiantum pedatum. 

Of the twenty-six ferns listed, fourteen are evergreen, 
(indicated by the check in the left margin). These con- 
sist of two Polypodiums, four Aspleniums, two Poly- 
stichums, two Cheilanthes, two Aspidiums, Camptosorus 
rhizophyllus and Pellaea atropurpurea. This means 
that the vegetative structure of these ferns is such as 
will endure 104° heat in summer, and —24° in winter, 
or a temperature range of 128°. It means also that they 
will endure the hydrophytie conditions of spring and fall, 
equivalent to forty-five inches of rainfall, and between 
these seasons endure two abnormally hot months of 
drought with but the total of one and one-fourth inches 
of rainfall. This doubtless explains why Asplenium 
ebenoides, a southern species, and the two Osmundas 
which are northern species are found here but once. This 
will be discussed later. 


On account of their close relation, the geology and the 
physiographical features of the region can best be taken 
together. (6). 

Geologically this region belongs to that ‘‘Island up- 
lift’’ (5), ‘‘onee surrounded by ancient seas.’’ Its struc- 
ture includes a wide range of formations, embracing an 
aggregate thickness of more than three thousand feet. 
It ranges from the top of the lower coal measures down 
through the Pottsville sandstone, Mississippian lime- 
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stones, Devonian chert and limestones almost to the 
Upper Silurian limestones. (See physiographical map 
of the region Plate I.) Its choice for study is based on 
this variety in the formation. 

There are two general types of exposure. The Penn- 
sylvanian sandstone and conglomerate outcrop of the 
north and northeastern portin, and the Mississippian 
and Devonian limestones outcropping to the south and 
southwest. The first type is of quartzose sandstone and 
conglomerate of the lower Carboniferous series. It 
underlies the region beginning just north of Carbondale, 
at an elevation of 350 feet, and sloping gradually up the 
Ozarks to an altitude of between six and eight hundred 
feet, where it outcrops in precipitous cliffs. Alto Pass, 
the highest railroad station in Illinois, 738 feet, stands 
at the edge of this outcrop. (9) In Johnson County it 
reaches about the same height as at Alto Pass, (7) but 
where the Illinois Central cuts through, half way be- 
tween these two points, the outcrop reaches only about 
six hundred feet. (8) This slope is dissected by streams 
that run northeastward to empty into Big Muddy River. 
This stream encircles most of the region on the north 
and west, emptying into the Mississippi below Grand 
Tower. The southern edge and front of this slope is 
dissected by other streams, that have eaten their way 
across the limestone crest, and are now taking their toll 
from its sandstone face and banking it in the deposits 
of Cache, Big Cypress and Clear Creeks. (7) Besides 
this water dissection, this slope shows at places evidence 
of some great crustal disturbance, as the great perpen- 
dicular passage-ways at Giant City, near the boundary 
between Jackson and Union Counties. (5) 

Benson Bluff is the Sandstone face in Johnson County. 


Ferne Clyffe in Johnson and Fountain Bluff in Jack- 
son County represent two unique but different types of 
erosion and dissection in this stone. At Ferne Clyffe 
about five acres of land seems to have eroded down to 
a base of more than one hundred feet below the genera! 
level of the surrounding region, leaving a circular wall 
of rock. Here, especially on the north and northeast 
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facing cliffs, true to its name, the rocks furnish the en- 
vironment for crowds of ferns and their associates. 

At Fountain Bluff (8) in contrast, ten to twelve square 
miles of arenaceous rock stands out three to five hun- 
dred feet above the plain of the Mississippi bottom land, 
like a giant table spread with a cloth of loess and chert. 
This is the exact converse of the smaller formation at 
Ferne Clyffe. Here, too, on the north facing cliffs are 
found nearly every type of rock fern found in Southern 
Illinois. These two regions, topographically so differ- 
ent, furnish similar environmental conditions for plant 
growth. 

All the outcrops of this general type of formation con- 
sist of what geologists call Pottsville sandstone. It is 
popularly known as millstone grit. The face of the rock 
is sometimes white, sometimes it is colored with ferrug- 
inous matter which wears unevenly, leaving gnarled and 
turbinated dark brown projections from the face of the 
rock. These furnish shelves, crannies and foot-holds 
along the bluff for the plants to take root. 

The second general type is a limestone outerop. It is 
exposed by the Ozark uplift and denuded by the heavy 
rainfall, coupled with precipitous slopes inclining from 
twenty-five to forty-five degrees. The trend is from 
northwest to southeast. It is below yet above the sand- 
stone face. The tops rise to an altitude of more than a 
thousand feet above sea level, and slope southward, in 
a few miles reach down to within about three hundred 
feet above. In many places it has a perpendicular dis- 
tance of more than half this descent. The Mississippi 
River and its flood plain bound it on the west, it reaches 
beyond the region studied to the Ohio River on the east. 
Its physiographic features are combinations of uplift, 
erosion and faulting. One great fault line beginning 
near Grand Tower on the Mississippi, extends nearly to 
Pulaski County in a southeasterly direction. It has been 
suggested by Weller that the entire uplift may be due to 
the eastward extension of this fault. (5) The down throw 
of this fault is on the northern side, which has made it 
possible for the rocks south of it to be eroded down to 
lower levels, and it is here that we see exposed The Silur- 
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ian and Ordovician stones, which are not outcropping 
anywhere else in the state. 

At the Bake Oven and Devil’s Back Bone on the Mis- 
sissippi are representative rock exposures of this type. 
They front toward the Mississippi River and dip toward 
the northeast at an angle of twenty-five degrees. They 
consist of cherty, siliceous, foetid limestones, extending 
one hundred to two hundred feet above the flood plain 
of the river. Their summits for about thirty feet be- 
long to the lower Mississippian limestone. Below this 
the formation is probably Devonian. 

About eight miles to the southeast, conspicuous for 
many miles in all directions, are the summits of five hills 
covered with woodlands except that of the tallest, which 
on this account is called Bald Knob. The last, having 
an altitude of one thousand twenty-five feet, is the tall- 
est peak of the Mississippi River Ozarks. Its summit is 
composed chiefly of siliceous limestones and chert forma- 
tions. Cherty beds outcrop along its lower slopes, while 
on its sides are seen masses of tumbling quartzose sand- 
stone. According to Worthen, these sandstones appear 
to belong to the Devonian layer just above the Oriskany 
series. They readily yield to atmospheric influence. 
The top of Bald Knob is so covered with detritus that 
its nature is hard to determine, but where the effort to 
find gold has cut several feet below the surface, it re- 
veals the Oriskany chert not many feet below. This hill 
is greatly dissected by erosion, furnishing numerous ra- 
vines and rock faces. 

Four miles east of Bald Knob is a narrow valley with 
the shales and limestones of the lower Mississippian 
limestone exposed on each side. This is known as Moun- 
tain Glen, and furnishes the fourth limestone area of 
this study. It together with the Bake Oven, Back Bone 
and Bald Knob constitute the group of limestone areas 
especially chosen as furnishing suitable environment for 
the study of both rock and soil ferns. 

The best sandstone areas found for the study were 
Makanda, (Stonefort and Giant City), Fountain Bluff, 
Ferne Clyffe and Benson Bluff. The areas are all 
marked on the map, enclosed by single dotted lines to 
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indicate limestone, and double dotted lines to indicate 
the sandstone areas. 

As nearly as possible similar areas were chosen from 
each portion, and localities selected where the ferns grew 
best. In climate and rainfall all areas are practically 
the same. In topography, sunlight and surface mois- 
ture conditions, Ferne Clyffe and Mountain Glenn are 
very much alike; both are areas of depression, sur- 
rounded by bluffs, with a perpetual flow of water through 
the lowland, and a natural growth of forest in the valley 
and on the tops of the bluff above. Both present rock 
face for the rock ferns and rich forest mold for the soil 
ferns. The only distinguishable difference lies in the 
nature of the rock itself. 

Likewise the deep ravines and wooded slopes of Big 
Bluff are very like those of Bald Knob, while its rocky 
face is similar to that of the west and northwest face of 
the Bake Oven and Back Bone. The Makanda outcrops 
and Benson Bluff have their counterpart in the limestone 
cliffs of the ridge of Back Bone and in the bluffs along 
the Alto road north of Bald Knob. 

This seemed an excellent opportunity to compare the 
‘‘calciphils’’ and ‘‘ealeiphobes’’ of Unger, or better, to 
determine what distinction there may be between the cal- 
cicoles and the silicicoles of later writers. 

The ferns from each area were first collected, identi- 
fied and listed by regions. This is found in Table I, 
Page 12. 

These same ferns were again listed with their habitat 
according to Gray’s Manual. This list is found in Table 
II, Page 13. 

After this study of the ecology of Southern Illinois 
ferns was begun, the American Fern Journal and the 
Smithsonian Report 1920, published articles by EK. T. 
Wherry, giving results of fern studies in New England, 
and in the Virginias. These were studied in relation to 
soil acidity, and the comparisons made between the 
northern and southern ferns in this respect were very 
interesting. 

Wherry says: ‘‘The calcareous soil species prove to 
be dominantly northern. This is connected with their 
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Rock Ferns: 


Fern Habitat and Range as Listed by Gray. __ 
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TABLE II. 


Name of Species. 


Asplenium 
Cheilanthes Feei 


Pellaea atropurpurea 


Polypodium vulgare 

Polypodium poly- 
podioides 

Asplenium pinnati- 
fidum 


Cystopteris bulbifera 


Asplenium tricho- 
manes 

Woodsia obtusa 

Asplenium platyneu 
ron 

Cystopteris fragilis 


Cheilanthes lanosa 
Camptosorus rhizo- 
phyllus 


Soil ferns: 


Aspidium marginale | 


Polystichum acros- 
tichoides 

P. acros. var, 
Sch weinitzii 

Asplenium spinulo- 
sum, var. inter- 
medium 

Pteris aquilina 

Osmunda cinnamo- 
mea 

Adiantum pedatum 

Botrychium virgin- 
ianum 

Phegopteris hexa- 
gonoptera 

Asplenium acrosti- 
choides 


Asplenium filix- 
femina 

Asplenium angusti- 
folium 

Onoclea sensibilis 





parvulum | Mountains 


| 


Habitat. Range. 


'Va., Kan. and Sw. 
Dense tufts, dry rocks/Ill., Minn. W. and Sw. 
and cliffs 
Dry calcareous rocks |N.H., R.E., Ga. and 
Ww. 


|Rocks Common. 


|Rocks and tree trunks/Va., O., Ia. and Sw. 
\On cliffs and rocks _|Ct., Mo. and Sw., Rare. 
|Shady ravines, chiefly) 
calcareous rocks 


Shaded rocks | Widely distributed. 
Rocky banks and — Ga. and Ww. 
Rocky open woods 
Shaded 
woods 
Clefts of rocks 


|Me., Col. and Sw. 
cliffs, rocky) 
|Common. 
\Ct., Minn. and Ww. 
\Shaded, especially cal-| 
careous rocks Me. and Minn., Sw. 
Kan. and Ga. 


to 


Rocky hillsides in rich| 





woods ‘Common, especially 
Northward. 
|Rocky woods Common. 
\Not rare. 
|Woods |Common. 


|Thickets and hillsides |Common. 
|\Swamps and low copses| Common. 
|Rich, moist woods 

| 


(Rich woods Common. 


Rather open wood 
|Rich woods 
| | 
|Common. 
| 


|Me., Minn. and Sw. 


| 
|\N.S., Minn. to Ga. and 
Ala., not rare. 


| Moist woods 


\Rich woods 
| Moist meadows 
thickets, etc. 


\N.H., Minn, and Sw. 
and| 

Very common. 

i 
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evolutionary history.’’ ‘‘The rock ferns are more sen- 
sitive to-svil acidity tnan the soil ferns.’’ ‘‘The pecul- 
iar relations of favoring of acid soils by southern species 
and circumneutral by northern ones appear to hold in 
other plants than ferns.’’ He urged other workers to 
make similar studies in other sections for comparison 
with his results. 

The isotherms of Southern Illinois were then studied 
and compared with those of the Virginia region. (See 
map, page 15.) As for latitude the two regions are prac- 
tically on the same parallel (20). As for temperature, 
the isotherms of Southern Illinois cover the Virginian 
region with one striking exception. The spring and fall 
temperatures run about the same. In the winter months 
of January and February Southern Lllinois runs a few 
degrees colder. The striking exception is in summer. 
In the month of July, the hottest and driest for Illinois, 
its isotherm dips down into Tennessee and South Caro- 
lina, while the Virginia isotherm runs almost to the Chi- 
cago temperature. The average maximum for Southern 
Illinois for the last ten years, is one hundred degrees, 
that of Chicago for*the same time is eighty degrees, a 
difference of twenty degrees, in the month when exces- 
sive transpiration is the plant’s greatest enemy. This 
one difference may serve as a clue to a contested ecolog- 
ical problem i. e. the relation of certain plants to a eal- 
careous habitat. 

Because of the interest in Wherry’s problem, the sep- 
aration into rock and soil ferns in this paper has fol- 
lowed his division (3). Had Gray’s Manual been used 
for this division of habitat, the lines would have been 
the same, with the addition to rock ferns of the two Poly- 
stichums and Aspidium marginale. The latter division 
would better have suited the fern habitats of Southern 
Illinois. Here one more fern should be added, Aspi- 
dium spinulosum. This means that in the section 
studied seventeen out of the twenty-six ferns are 
tied up in their relation to the rocks. Yet in South- 
ern Illinois Woodsia obtusa and Cystopteris fragilis 
might be classified as soil ferns since they grow most 
abundantly in the forest, low on the talus slopes. 
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There are but three ferns found exclusively on the 
limestone areas. They are Asplenium parvulum, Chci- 
lanthes Feei and Pellaea atropurpurea. It is probably 
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no mere coincidence that two of these ferns, C. Feei and 
P. Atropurpurea, are the only ferns among those studied 
that are marked ‘‘Dry”’ in Gray’s Manual, and that the 





Plate I. 
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third A. parvulum is indicated as a mountain species. 
This no doubt means that of the twenty-six ferns of the 
area, these three are the most noticeably xerophytiec. 
Why should the three most xerophytie ferns be tied up 
with the limestones? What relation can xerophytism 
have to a calcicole habitat? 

It is a known fact that wet soils may be made drier by 
the addition of limestone. In the first place lime has a 
slight chemical or physical affinity for water and imbibes 
a small portion of it as it is freed from its combination 
with its rock compound. In the second place lime has 
the power of destroying the colloidal property of clayey 
soils, rendering them flocculent, and consequently less 
capable of holding water (18) (19). 

In a region where the two mid-summer months are 
such as has already been indicated by the weather re- 
port given for Southern Lllinois, this difference in abil- 
ity of the soil to have, and to’ hold water during the 
months when the rainfall is often less than an inch per 
month means a summer vegetative condition very differ- 
ent on limestone as a medium compared with a sandstone 
medium. Other things being equal, we should expect 
under such conditions, only the most xerophytic plants 
to be able to live on the limestone. Then Wherry should 
be right in saying that this peculiar relation appears to 
hold in other plants than ferns (3). This condition 
drives out the Hepatica, the phlox, even the Heuchera 
and vaccinium from our limestone cliffs, and leaves as 
the dominant things, the Solidago and the Juniperus vir- 
giniana. These both speak loudly of extreme xerophy- 
tism. 

The above applies chiefly to the rock face, or to places 
where the flinty rock breccia constitutes the greater part 
of the soil. This breccia is particularly noticeable about 
such arenaceous limestone outcrops as those of the Back 
Bone, Bake Oven and Bald Knob. But in the wooded 
ravines where the vegetation has the advantage of fifty 
to one hundred feet of immediate slope with its seepage, 
where the heat rays are reduced by the angle of inci- 
dence, and moisture is held by the roots and leaf mold, 
the difference between a limestone and a sandstone area 
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is greatly reduced, and we again agree with Wherry in 
saying: ‘‘Ferns of woods and swamps are less sensitive 
to soil acidity than rock ferns (3). This will be dis- 
cussed later when the tables showing the result of the 
soil tests for acidity have been introduced. 

We have called the ferns of the caleareous rock very 
xerophytic. In what ways they indicate this can best 
be shown by comparison with the forms found exclusive- 
ly on the sandstone. These ferns are Asplenium pin- 
natifidum, Polypodium polypodioides and Polypodium 
vulgare. The last named was checked for the Bald 
Knob area; but it was not on the limestone there. It 
was found only on those blocks of quartzose sandstone, 
referred to above as being weathered from the Devonian 
layer above the Oriskany group. Though checked for 
the area it belongs exclusively to the siliceous rock. 
These are the so-called ‘‘ Acid ferns’’, or silicicoles. 

In order to arrive at a way of measuring what is sup- 
posed to be the fundamental difference between calear- 
eous and siliceous soils, the La Motte Indicator was sent 
for. As it did not arrive in time for the spring work, 
the Grindley test, used by the University of Illinois for 
making practical soil tests was employed. It is a color 
indicator, but does not express the hydrogen ion concen- 
tration, nor is it supposed to show the degree of acidity. 
It consists of a weak solution, 5-6%, KCN in 95% ethyl 
alcohol. Tests were made in the following way: 

Small vials were chemically cleaned, and provided 
with corks and labels. Adhesive tape was found to be 
the most serviceable for labeling, as it did not come off, 
and onee on could be washed with the bottle. These 
and the KCN solution were carried into the field. By 
experimentation with the solution it was found that a 
very slight acidity produced a very light pink color, 
while a decided acidity gave a red color. This was 
made use of in recording results. In the field the bottle 
was half filled with the soil from near the plant root, the 
bottle was labeled, tightly corked and placed in the vas- 
culum. When rest time came, the bottles were filled two- 
thirds full of the solution, and thoroughly shaken, then 
allowed to stand until the sediment settled. The results 
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were tabulated in three categories, as shown in Table 
III, page 19. Those showing no sign of color were the 
neutrals and marked with an ‘‘O’’. Those showing just 
a tinge of pink were marked with an ‘‘s’’. Those show- 
ing a decided red color were marked with an ‘‘a’’. The 
same division of Rock and Soil Ferns as was previously 
used is adhered to. 

This work was done in May and June, 1922. Soil tests 
were made for all the ferns for each area, and many 
tests for each species of the area, but as the tests are not 
quantative, only the summary of results from all areas is 
indicated in the table. Where a species shows different 
results from different areas, this is indicated by placing 
after it the two or three letters indicating this, and un- 
derscoring the letter indicating where the maximum of 
results lay. 

The results show: 


(a) Three of the rock ferns and four of the soil ferns are unques- 
tionably neutral. 


(b) Four of the rock ferns and two of the soil ferns are decidedly 
acid. (These two soil ferns are two of those that should from their 
Southern Illinois habitat be classed as rock ferns. 

(c) Of the rest, three of the rock ferns are found growing in all 
three of the habitats. Only one of the soil ferns shows this range, 
and it is one of those belonging rather to the rocks than to the soil 
in this section. Two of the remaining rock forms are found in two 
habitats, as are also two of the soil ferns, but one of those is another 
rock form here. 


(d) This indicates that the range of the rock forms as to acidity 
is greater than that of the soil forms. 


In September, 1922, the La Motte Indicators were used 
and the entire field covered again with the exception of 
Benson Bluff. These indicators show a certain degree 
of hydrogenion concentration, and were used in the field 
as were the others. Their use is described in EKeology 
I, pp. 160-173, and is so well known as to need no descrip- 
tion here. The bottles and corks were kept chemically 
clean, the water used was distilled and always tested for 
neutrality before using. When possible the tests were 
made the day the samples were collected. No tests were 
made from herbarium material. The number of tests 
are indicated in Table IV. 

The results are recorded as suggested by Wherry in 
the Smithsonian Report, 1920, with maximums in full- 
face type. Range is indicated by x’s, the smaller ones 
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indicate but one or two in the range, the larger ones, 
several. The rock and soil ferns are in different tables. 
Each group is arranged according to the degree of acid- 
ity bginning with the subalkaline. 

There are eight degrees of specific acidity shown, viz., 
300, 100, 30, 10, 3, 1, 3, 10. The rock ferns run through 
them all. The soil ferns omit the highest, 300. Note 
also that the maximum in the rock ferns range through 
the entire eight grades of specific acidity, the soil ferns 
through but four. 

In specific acidities pure water which has equivalent 
amounts of acid and alkaline constituents, ions, is termed 
1, or neutral, and taken as the unit of both specific acid- 
ity and specific alkalinity. A solution containing up to 
10 times as much acid as is contained in pure water is 
called minimacid; one containing from 10 to 100 times, 
is called subacid; from 100 to 1,000 times, mediacid; 
more than 1,000 times, superacid. Corresponding terms 
are used on the alkaline side. Minimacid, neutral and 
minimalkaline are grouped together as circumneutral. 


TABLE IIl. 


Grindley Tests. 


| 
= = Media- e | Maxi- 
Neutral. | “acid. Acid. | ‘mum. 
Rock Ferns: | | } 
Asplenium parvulum........ oO OM, bee oO 
Cheilanthes Feei............. | Oo ty ES » eer ters oO 
Pellaea atropurpurea........ Oo PP RRSS IS RET SAT Oo 
Asplenium trichomanes...... | oO | s pte et oO 
Asplenium platyneuron...... Oo "Te Mas POLE oe be oO 
Cystopteris fragilis.......... | O } 8 | a s 
Camptosorus rhizophyllus.... re) 8 | a s 
Cystoytteris bulbifera........}......... Cee Sea Ss 
Woodsia obtusa............. Q | s a Ss 
Cheilanthes lanosa........... (ee Ba ie | a | A 
Asplenium pinnatifidum......)......... ae ee | a A 
Polypodium vulgare.........)...../ Oe SREY Ee. a | A 
Polypodium polypodioides....\).........)......06. | a | A 
Soil Ferns: | 
Osmunda cinnamomea....... oO Sid wdicdle dé otbeinde cea oO 
Adiantum pedatum.......... RS CS eae. Xe } oO 
Phegopteris hexagonoptera.. .| - Bee? as eee re | Pra SRD oO 
Asplenium angustifolium.... Te FPR. epee oO 
P. acros. var. Schweinitzli.... oO De atlas oe bt Oo 
Botrychium virginianum.. et eee a S 
Asplenium acrostichoides.....| O Be Ai eeaieet SS] 
CN AU es ok o cle 6a adle 6 0 abd wees io: +, Balan & bin ede 8 
Pe INES os co Whee dee Lees eb 6 oe Oh * le cwleheews ) 
Polystichum acrostichoides. . oO 8 a Ss 
Asplenium filix-femina...... ee tie oats a A 
Aspidium marginale......... POTrnverTs Teen ee i A 


Aspidium spinulosum, — var.| } 
intermedium 
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If we group these in the same way they were grouped 
in making the Grindley tests, we find that the results 


are practically the same. Wherry’s tests are also in- 
cluded for re 


| ef Se ens one 
| _Neutral- -alkaline. nied _ Slightly acid. | Decidedly acid. 
i 
z Rock. | Soil. aS Rock. | Soil. | Rock. Soil. 
in aaa Aa a | ee ak 
Grindley ..... 5 5 } 4 5 | 4 3 
La Motte ....| 5 4 5 6 3 2 
WEG: vc be ve | 5 0 } 3 7 | 4 3 
| | 


In copying Wherry’s lists only the data is copied for 
ferns corresponding to species found in the Illinois 
Ozarks. The striking thing about this first comparison 
is that he found none of these soil ferns either decidedly 
alkaline or neutral, but 70% of them were slightly acid, 
the remaining 30% decidedly so. The soils he tested 
however ran as far as 30+ specific alkalinity, while those 
of the Ozarks did not run above 10+. Specific acidities 
of soil ran about the same. General soil tests in South- 
ern Illinois showed that the rock soils ran to greater 
extremes in both alkalinity and acidity than the forest 
humus; consequently, we should expect the rock ferns 
through competition and natural dissemination of spores 
to reach greater extremes of life than that reached by 
soil forms. According to the same law we should ex- 
pect the Eastern ferns to reach greater extremes of al- 
kalinity ; and so they did, one reaching 3+ specific alka- 
linity, but these were forms not native to the Illinois 
Ozarks, and consequently do not show in the chart. 

By comparing the regional chart, Table I, with Table 
IV, the following points in regard to the rock forms are 
of interest. 


1. There are three species found only on limestone, and these 
grow in decidedly subalkaline media. 

2. There are four species found almost exclusively on the sand- 
stone. These grow in soils either acid, subacid or mediacid. 

3. For the rest of the rock forms and for all the soil ferns there 
seems to be no definite acidity habitat. 


Some of the results may be deceptive, as in the case of 
the fern Osmunda cinnamomea, which here tests specific- 
ally neutral. It is but a single individual in the region, 











132 ILLINOIS STATE ACADEMY OF SCIENCE 


starting life in a limestone ravine. Its rhizome shows 
that it has been there for years. It apparently thrives 
without reproducing. It grows abundantly in our north- 
ern woods and swamps in soil that tests 30 to 300. It is 
given by Wherry with a maximum of 300. (3) 

There seems nothing to prove that this striking con- 
trast on the part of the rock ferns is due directly, or in- 
directly to soil acidity: in fact there are some evidences 
to the contrary. 

The species showing these contrasts are all evergreen 
species, with a morphological and physiological xerophy- 
tism found in few plants of the cold temperate zone. In 
general the xerophytic characteristics of the calcicoles 
are: 

1. A coriaceous evergreen foliage that can be neither baked in 
the sun nor frozen by the cold. 

2. Rhizomes projecting into the crevices between the rocks to 
such depths that it is with the greatest difficulty that they can be ex- 
tracted, and specimens are seldom secured whole. 

3. Intolerant of shade, they each have individual light and heat 
relations to the sun which reduce temperature, light and transpiration. 
The following are illustrative details: 

Cheilanthes Feei grows on the face of the vertical cliff 
in rosette form. The vertical rays strike but its edge, 
the south or western rays strike it only when they have 
spent their might. It has been found only on southern 
and western fronts of the Devonian limestone. Its pin- 
nules are little pubescent hemispheres, cupping toward 
the surface of the rock, thus reducing the surface ex- 
posure to sunlight and transpiration. The pinnules are 
tiny and so seattered that when the fronds make a ros- 
ette, it takes dozens of fronds to catch the light creeping 
through the spaces between the pinnae. Even when 
growing they are so dry and brittle that one seldom se- 
cures perfect specimens. In this way the necessary 
moisture is reduced to a minimum. 

Pellaea atropurpurea has one or two fronds with much 
larger pinnae. These fronds stand out from the rock 
in such a position as to present the frond’s edge to the 
sun. Since the pinnae lie in one plane, Pellaea thus 
accomplishes what Cheilanthes Feei requires three de- 
vices to attain. Pellaea atropurpurea makes scarcely a 
shadow on the rock. 
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The fronds of Asplenium parvulum stand rigidly up 
from the rock, with the pinnae placed in rows on each 
side, aslant like the half open slats of a window shutter, 
with its edge directed toward the sun, and the light 
streaming through on the rock beneath. Thus it attains 
the same end as Cheilanthes and Pellaea. 

A close second to these in xerophytic adaptation is the 
sandstone group. Their foliage is subcoriaceous and 
evergreen, being slightly affected by heat and cold, it 
holds within itself the power of recuperation. 

Not having learned the advantage of hiding their rhiz- 
omes in the clefts of the rock, nor of turning the frond’s 
edge to the direct ray of the sun; they resort to forming 
a mat on the rock face with the rhizomes, catching the 
soil, while the leaf mats form a thick protective mat 
above them. This is true of the two Polypodiums and 
of Camptosorus rhizophyllus. It is only partially true 
of Cheilanthes lanosa. Asplenium pinnatifidum has 
however the adaptive characteristics of the preceding 
group. 

Besides the above, each has its individual way of meet- 
ing the drought exigéney. To illustrate: 

Cheilanthes lanosa dwells in pockets on the sunny edge 
of the cliff. Its pinnules are pubescent and circular. 
When it can no longer protect the soil beneath from the 
excessive drought, it resorts to the Feei method of curl- 
ing its pinnules into half balls. It would then be difficult 
to distinguish from Feei except for its more erect posi- 
tion and larger size. 

Asplenium pinnatifidum, Camptosorus and the poly- 
podiums decorate the shaded face of the rock, thus secur- 
ing but the slant sun-rays. In time of drought the Poly- 
podiums have the power of folding their pinnae of the 
opposite sides together, then curling the frond from the 
tip toward the stipe, into a ball, and so awaiting the next 
shower. This power is so strong in the P. polypodioides 
that it has been given the name of ‘Resurrection Fern’. 
Its exaggerated use of this power usually places it ten 
to fifty feet higher on the cliff than P. vulgare. 

Camptosorus rhizophyllus is more mesophytic and 
hence more shade tolerant. It requires more soil for a 
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foundation into which its rhizomes sink, and it forms 
with its fronds dense mats above them. The habit of 
regeneration at the tip of the frond makes the mats 
denser. If the fronds are dried up in time of dought, 
they simply break their connection with the younger 
plant, and each comes forth as a new individual when 
the moisture returns. 

Asplenium platyneuron is shade tolerant. This entire 
sandstone group take advantage of underside transpir- 
ation of fronds to keep the soil and rhizomes from desi- 
cation. Its expertness in this places the fronds so near 
the ground that transpiration forms a short circuit be- 
tween soil and frond, keeping both moist in the average 
drought. The fruiting fronds stand erect, but complete 
their function in early summer. Their protection is a 
slight imitation of the window shutter method. 

In gathering and drying specimens from the two dif- 
ferent groups, it is easy to see that the sandstone ferns 
are noticeably richer in moisture content than the ecalci- 
coles, that likewise is the soil at their roots. 

In such a gradation of xerophytic devices, one is in- 
clined to emphasize the importance of this relationship, 
especially when he remembers that xerophytic structures 
are as necessary for bog as for dune life. So it is with 
the xerophytic, or rock ferns; they are acid and alkali 
resistant, or enduring, and not acid and basic loving. 

Wherry’s acidity tests show that these contrasts do 
exist; so do these studies in Southern Illinois, but the 
contrasts differ. For example: Polypodium polypod- 
ioides, a southern fern, in Wherry’s tests ran into maxi- 
mum specific acidity 300; Polypodium vulgare found its 
maximum at 10. In Southern Illinois tests P. polypod- 
ioides had its maximum at specific acidity 3, although it 
showed itself capable of living in higher acidities; P. 
vulgare had its maximum at 100 and did not run lower 
anywhere. What is the factor that reverses these fern 
habitats between Virginia and Southern Illinois. As 
has been shown, the striking difference between the Vir- 
ginia and the Southern Illinois climate is the intense 
heat of summer. Since P. polypodioides is better 
adapted by its structure to endure these conditions, it 

















PAPERS ON BIOLOGY AND AGRICULTURE 135 


runs ten to fifty feet higher on the sandstone, where 
there is little soil but its own frond mold. As a conse- 
quence its soil tests run the gamut of acidities from one 
to 300, only with the difference that here its maximum 
runs at acidity three. P. vulgare, on the contrary, less 
xerophytic in structure, adheres to the lower rocks where 
there is more soil, even when this soil be weathered to 
acidity 100. 

Asplenium platyneuron ran to maximum specific acid- 
ity 300 in the Virginia tests, yet showed ability to live in 
soil 10 subalkaline. Is it strange that in Southern Illi- 
nois it seeks the deeper soil and an acidity of 10 when 
we consider its semi-xerophytic structure in a temper- 
ature of 100° F.? 

Camptosorus rhizophyllus in a cooler climate grows 
on calcareous rock, and there finds the right amount of 
moisture when specific acidity is one, but in Southern 
Illinois that it may get sufficient moisture it must resort 
to sandstone with maximum 30. 

The distinguishing factor between North and South, 
as far as the plant is concerned, is not the presence or 
absence of calcareous rock, as has been suggested. 
These are abundant in both regions. Temperature has 
changed and this factor affects the amount of soil water, 
and the amount of transpiration. This factor then has 
driven the semi-xerophytic forms from the dry limestone 
to a medium where more moisture is available. 

Cystopteris bulbifera is another example of a fern 
growing on caleareous rocks in Virginia and found only 
on siliceous soils in the area under consideration. Gray 
says, ‘‘Chiefly caleareous rocks’’. Wherry found it in 
soil acidity one. Not being provided with xerophytic 
structures, its maximum is the same in Southern Illinois, 
but it betakes itself to deep siliceous soil and could in no 
way be considered a rock fern. 

One thing quite noticeable in Wherry’s chart when 
compared with the chart of the region under consider- 
ation is that while the Virginia ferns run into lower al- 
kalinities the maximum is more acid than in Illinois. 
To express this in another way, the acidity range is 
much greater in Virginia than in Illinois. That is 
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exactly what one would expect when temperature is 
lower and transpiration less. 

In these very acid soils of Southern Illinois, why are 
the acid loving Osmundas not found, or rather why are 
they found but once; and found then on neutral soil? 
The answer must lie in some other factor than that of 
soil acidity. 

Since soil acidity is scarcely met with in arid regions, 
one expects these semi-xerophytic forms to act just as 
they have in this case; to betake themselves to the sand- 
stones in the low latitudes and to the limestones in the 
higher latitudes, and to do this not because of soil acid- 
ity, but to accommodate themselves to the proper amount 
of moisture. 

GENERAL REMARKS, 

The chart copied from Wherry was taken from the 
Smithsonian Report, 1920. The entire list was not cop- 
ied, but only data connected with the ferns found in the 
region studied. 

It is noticeable that Virginia soil ferns all ran much 
higher specific acidities than the ones studied in Illinois. 

Dr. Wherry made many more tests for the majority 
of his ferns than were made for this study. 

It is evident that much more data is needed on other 
areas before very definite conclusions can be drawn. 


Some tests of the waterholding power of soils would 
not be out of place in this connection. 


CONCLUSIONS. 

In the’ same region different species of ferns vary 
much in soil habitat. Some grow in acid, others in neu- 
tral soils, while others grow indifferently in either. 

The same species vary much in different sections. 

Ferns growing directly on the rock are more variant 
in this respect than the soil ferns. 


Some rock ferns grow always on the same kind of me- 
dium. 


All exclusvely rock forms, except the most xerophyte, 
seem unable to dwell on limestone in a climate similar to 
Southern Illinois. 
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Both rock and soil forms seem capable of varying more 
in the higher than in the lower latitudes. 

There seems to be no evidence that ferns betake them- 
selves to either habitat in order to secure or to avoid 
acid or alkali. 

There is much evidence in the varying xerophytic 
structures that it is the moisture of the habitat that con- 
trols the range of ferns on sandstone or limestone. 

Rock ferns are more subject to extremes of drought, 
better equipped with xerophytic structures, and vary 
more in nature of habitat. Soil ferns are less subject 
to drought, are unprovided with xerophytic structures, 
consequently vary little in nature of habitat. 

Caleareous rock in a Southern Illinois climate is a 
much drier habitat for plants than the same rock in a 
higher latitude. 

In the region under consideration sandstone soil is a 
better medium for rank fern growth than the limestone, 
more because of the amount of soil water controlled by 
it than on account of the acidity or alkalinity of soil. 

The distinction between calcicoles and silicicoles is 
more a question of moisture relation than of soil acidity. 
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FOWL TUBERCULOSIS IN SWINE. 


Rosert GraHam anp EK. A. Tunnicuirr, Laporatory or 
Anma. PatHoLocy anp Hyerens, UNtversity oF 
ILLINOIS. 


It is the purpose of this paper to briefly report the re- 
sult of investigations started in 1922, which throw some 
light on the susceptibility of swine to avian tuberculosis 
as well as the occurrence of the avian type of the disease 
in market hogs at the time of slaughter. For nearly 
a quarter of a century it has been known that pigs were 
slightly susceptible to avian tuberculosis, though the 
practical significance of avian tuberculosis to swine in 
the United States, at least in the Middle West, was not 
appreciated until after the nation wide program for 
eradicating bovine tuberculosis was started in 1917. At 
this time authoritative opinion estimated that a larger 
part of avian tuberculosis and probably as high as 90 
per cent of the infection was due to association with in- 
fected cattle or from feeding unpasteurized milk or milk 
products from creameries. 

As a result avian tuberculosis in fowls, though prev- 
alent in many localities in Illinois, received little atten- 
tion until the federal state plan for the suppression of 
tuberculosis in cattle was modified to a county area basis. 
This plan as first adopted in Illinois in 1920 provided an 
opportunity for federal and state inspectors to observe 
the prevalence of tuberculosis in fowls as well as the 
intimate contact between infected flocks and other farm 
animals.’ In some instances where irregularities in the 
eradication of the disease in individual herds of cattle 
were encountered it became apparent that infected fowls 
were suspected as a possible source of infection to other 
animals on the farm. 

Experiments were planned to obtain information re- 
garding the danger of tuberculous fowls associating with 
healthy non-tubereulin reacting pigs and calves. Ex- 
posure provided experimental pigs was in some in- 
stances analogous to natural exposure under farm con- 
ditions though other pigs were fed and injected with 
Mycobacterium tuberculosis (avian). The results of 
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these preliminary exposure tests and later the findings 
in lymph glands of market hogs from Illinois farms, 
slaughtered at the Chicago and Hast St. Louis packing 
houses, contributed evidence which serves to emphasize 
the importance of avian tuberculosis in swine and the 
approaching need of a systematic and practical plan for 
eradicating this type of tuberculosis in the Middle West- 
ern States. 

The preliminary observations including the feeding 
and injection of Mycobacterium tuberculosis (avian), in- 
volving the use of approximately 100 pigs in more than 
30 separate tests yielded consistent evidence of the sus- 
ceptible character of swine to avian tuberculosis which 
may be summarized as follows: 


SUMMARY OF PRELIMINARY EXPOSURE TESTS. 

1. Pigs are susceptible to avian tuberculosis through 
direct or indirect exposure. 

(a) A single feeding of Mycobacterium tuberculosis 
(avian) may induce the disease in pigs. 

(b) A single feeding of the tuberculous organs of 
chickens may produce:lesions of tuberculosis in pigs. 

(c) A single intravenous injection of Mycobacterium 
tuberculosis (avian) may produce lesions of tuberculosis 
in the liver and lungs of pigs. 

(d) The daily feeding of grain contaminated with 
feces of tuberculous fowls may produce lesions of tuber- 
culosis in pigs. 

(e) Healthy non-tuberculin reacting pigs placed in 
houses in which tuberculous chickens were previously 
confined contract tuberculosis. Contaminated quarters 
appear to be much less infective to swine than associa- 
tion with tuberculous chickens as judged at autopsy by 
the number of exposed animals that were infected as 
well as the number and size of tubercles in the lymph 


glands. 

2. English sparrows and pigeons in the vicinity of 
tuberculous chickens may show hepatic or spleenic les- 
ions of tuberculosis at autopsy. Several naturally in- 
fected sparrows and a few infected pigeons coming to 


our attention were unable to fly, though apparently 
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healthy flying pigeons that were shot a distance of over 
a mile from known infected premises showed gross les- 
ions of tuberculosis at autopsy. 


(a) Naturally infected tuberculous sparrow cadavers 
proved infective to chickens and pigs, via the mouth, 
suggesting that wild birds do not necessarily alter the 
virulency of the avian virus and that through their feed- 


ing habits they might carry avian tuberculosis from 
farm to farm. 


(b) No evidence of a rapidly spreading tuberculous 
infection among sparrow or pigeon flocks was obtained 
to suggest that the disease is communicated from spar- 


row to sparrow or pigeon to pigeon to perpetuate the 
disease in flying birds. 


3. Wild rats proved slightly susceptible to avian 
tuberculosis but no evidence was obtained to suggest 
that the disease appears spontaneously among wild rats 
on or adjacent to infected premises, or that the experi- 
mental disease in these animals is characterized by anat- 
omic lesions of tuberculosis. 


4. Autopsy of pigs experimentally infected with 
avian tuberculosis showed the lesions encountered to be 
local and benign in character and confined to the lymph 
glands. The mesentery lymphatic glands were the most 
common site of infection. Pigs appear more susceptible 
than mature swine. 


5. Pigs infected with avian tuberculosis may com- 
municate the disease to healthy non-tuberculin reacting 
pigs by continuous direct association. The rate of 
transmission from infected pigs to healthy pigs through 
association appears to be slower than from infected 
chickens to pigs following comparable contact. 

(a) Seventeen or 22 percent of 77 rectal scrapings ob- 
tained over a period of three months from 10 reacting 
pigs infected through association with tuberculous fowls 
and which later, at autopsy, showed mesenteric lesions 
of tuberculosis, produced lesions of generalized tuber- 


culosis following injection into healthy non-tuberculin 
reacting chickens. 
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AVIAN TUBERCULOSIS IN MARKET HOGS, 

The positive experimental evidence obtained in trans- 
mitting avian tuberculosis to pigs suggested the advis- 
ability of examining tuberculous lymph glands from 
naturally infected swine from the Chicago and East St. 
Louis markets. According to the Sanitary Committee 
of the Chicago Livestock Exchange, federal meat in- 
spection retentions in swine at the Chicago market had 


TABLE 1. 


Swine RETAINED FOR TUBERCULOSIS. 


Chicago Market, 1908-1921. 
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Hogs 
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increased from 3.77 per cent in 1908 to 17.70 per cent in 
1921. (See Table 1, page 6.) During this time the dis- 
ease in cattle had been reduced, suggesting the possibil- 
ity of other sources of tuberculosis in swine, than tuber- 
culous cattle. 


In 85 separate specimens of tuberculous swine glands 
taken from 85 carloads of hogs, a total of 6,041 animals, 
1038 or 17.18 per cent were retained, 37 or .61 per cent 
were sterilized and 12 or .19 per cent were condemned 
(See Table 2, page 8). The results of typing these 
specimens are summarized in Table 3, page 8. Twenty- 
three of the 85 tuberculous lymph glands or 27 per cent 
failed to yield definite results. Of the 62 that could be 
definitely classified 51 or 82.2 per cent were avian type, 
7 or 11.2 per cent were probably avian and mammalian 
mixed, though this deduction is made upon a single in- 
oculation and no attempt was made to further pass the 
virus, while 4 or 6.4 per cent of the specimens proved 
indistinguishable from the mammalian type. 


SUMMARY, 


The virus of fowl tuberculosis may be commonly found 
in swine in some districts of Illinois. This form of the 
disease appears to be one of the important sources of 
swine retentions at the Chicago and Kast St. Louis mar- 
kets. Infected flocks of poultry are probably the prin- 
ciple sources of avian tuberculosis in swine, though the 


TABLE 2. 


Disposition of TuBERCULOUS Hogs EXAMINED FROM CHICAGO AND 
Sr. Louris MARKETS. 


Group I. 
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danger of this type of disease in breeding anituals being 
perpetuated independent of direct association with 
tubercular flocks of poultry should probably not be dis- 
regarded. 

TABLE 3. 


RESULTs oF TYPING TESTS oF TUBERCULOUS LYMPH GLANDS FROM SWINE 
IN CHICKENS AND GUINEA Pigs. 


Group I. 





15 30 45 60 75 90 





Glinds xa.  \. $l SESS RE 8 I 
Glands Neg. 23 = 27.) per cent 

Glands Typed i osinmelll 

Avian Type 5) accemeamee enn usenn 82.2 + per cent 
A. & M. Types 7M «11.2 + per cent 


Mammalian Type 4\MMM 6.4 + per cent 

















144 ILLINOIS STATE ACADEMY OF SCIENCE 


THE PLANT DISEASE SITUATION IN ILLINOIS 
DURING 1925. 


L. R. Tenon, Stare Naturat History Survey, Ursana. 


In order to make an account available to those in this 
state and elsewhere who have use for it of the prevalence 
and destructiveness of crop diseases in Illinois, we have 
presented here in summary, each year since 1921, the 
observations of the Botanists of the Natural History 
Survey. This paper, the fifth we have prepared, con- 
tinues the purpose. 


WEATHER RELATIONS, 


The excess temperature, when taken for the entire 
year, was not great, being but 1.1° more than normal, 
but it was coupled with a lack of rainfall averaging 3.59 
inches less than normal and produced a year of drought 
unequalled since 1914. It is especially significant that 
both the excess temperature and the lack of rainfall pre- 
vailed generally from January through September, the 
period of the year during which our most important 
crops are produced and during which diseases exact 
their most destructive toll. The inhibitory effect of the 
combination of excess temperature, which amounted to 
25.6 month-degrees, and the lack of rain, which was 4.96 
inches less than the usual amount, was heightened by the 
conditions prevailing during May, the month when dis- 
eases are most actively developing into epidemic pro- 
portions. For May the temperature was 3.4° below nor- 
mal and the rainfall 2.85 inches less than normal. 


The fact that 59 per cent of the year’s precipitation 
fell during the crop growing season, as compared with 
56 per cent during the same period in 1924, would ap- 
pear to favor disease development, but the smaller total 
amount of precipitation more than balanced this effect. 
Moreover, precipitation amounting to one one-hundredth 
of an inch fell on only 94 days during the year as com- 
pared to 112 days during 1924, and there were 165 clear 
days as compared with 159 the previous year. 
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DISEASES OF FRUITS. 


Apples. In the southern and western fruit districts 
a Bitter Rot epidemic threatened during the last few 
days of July and through early August when rains pro- 
vided favorable conditions for disease, but the drought 
of late August and early September prevented serious 
trouble. Black Rot was much less prevalent than usual, 
doing little damage to the fruit in spite of abundant 
worm injury. Blister Canker was prevalent as usual on 
the Ben Davis variety, which is the only one that suffers 
severely in Illinois. Blotech was of only slight impor- 
tance, affecting mainly the market grade of the fruit. 
Brown rot was not seen in the state, and Rust did very 
little injury even to the leaves. Early in the season Fire 
Blight assumed serious proportions as a blossom-blight 
on Jonathan trees, causing 50 to 75 per cent loss in many 
orchards. Scab caused slight injury to fruit but could 
be found rarely on the leaves. 

Pears. This crop suffered from no disease except 
blight, which was confined to serious injury of twigs in 
Marion County. Pear blossoms had practically all been 
killed by the extremely low temperatures of the previous 
December. 

Peaches. Bacterial Shot Hole was of less significance 
than usual. It attacked mainly the Elbertas and Hales 
in the southern peach section of the state, doing only 
slight injury to the leaves and practically none to the 
fruit. Brown Rot was prevalent south of Carbondale, 
but the dry harvest weather prevented any considerable 
damage. Leaf Curl was found in only a few orchards 
and did practically no damage. 

Plums. These are not known to have suffered from 
the Bacterial Shot Hole, but in the eastern section of the 
state Black Knot appeared to be slightly worse than 
usual. There was no instance of serious Brown Rot in- 
jury in commercial plum plantations. 

Cherries suffered only from Brown Rot and Leaf Spot, 
but neither disease did serious damage anywhere in the 
state. 
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Grapes suffered but slightly from Black Rot, Downy 
Mildew, and Powdery Mildew. If Anthracnose was 
present, it passed unnoticed. 


DISEASES OF CEREAL CROPS. 


Wheat. More than 3,000 acres of wheat were exam- 
ined in the state, but Anthracnose was found only twice 
and Black Chaff once. Stinking Smut was apparently 
widely distributed but present in very small amounts. 
Flag Smut, prevalent in the old infested district, was of 
only slight significance. Glume Blotch passed unnoticed. 
Leaf Rust was, as usual, the most prevalent disease but 
through the state generally it was so mild as to be of al- 
most negligible significance. The Septoria Leaf Spot, 
commonly so abundant in Illinois, was practically absent 
from the state. Loose Smut occurred throughout the 
state, being very light and patchy in the southwest and 
northwest but general and heavier through the eastern 
and central parts, with a total infection amounting to 
about 0.5 per cent. Scab appeared very late and did but 
slight damage, being severe only on spring wheat in the 
extreme northern counties. Stem Rust was present 
throughout the state, being heaviest on winter wheat in 
the southeast and on spring wheat in the north, but the 
attack was the lightest we have recorded. A Physiolog- 
ical Stripe disease of wheat appeared in a few fields but 
was generally inconspicuous and not the cause of any 
appreciable injury. 

Oats. Owing to the fact that this crop is chiefly 
spring-planted, the unusual weather attending its entire 
growing period notably reversed the conspicuousness of 
the diseases attacking it. Anthacnose was not found. 
Blast, or Sterility, was an important source of loss. 
Crown Rust, usually abundant and severe, appeared so 
late that it did no damage. Halo Blight, commonly a 
minor disease, somehow found an advantage in the un- 
usual weather and became the most conspicuous of all 
the oat diseases. Scab was not seen. Smut was the 
most important disease, causing an apparent loss deter- 
mined by representative counts of smutted heads in 
fields totaling more than 2,000 acres to be about 3.4 per 
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cent. Stem Rust appeared late and was of no conse- 
quence. 

Barley. Covered Smut, which is always rare in Illi- 
nois, was seen only in McHenry County, but Loose Smut 
was prevalent throughout the state and was especially 
abundant and severe in the northern counties. Net 
Blotch was seen as a minor disease in the north. Stem 
Rust appeared only in the north where from one to a 
few rust spots could usually be found widely scattered 
on the barley stems. Stripe was the most important 
disease, being unusually abundant in the north where 
instances of infection as high as 12 per cent were seen, 
but elsewhere it was rare. 

Rye. Leaf Rust was the most prevalent and import- 
ant disease but did very little damage. Stem Smut oc- 
curred in widely isolated spots in western and northern 
parts of the state, causing very little injury but appear- 
ing to occur more widely and generally farther north 
than a year ago. , 

Corn. Bacterial Wilt was very rare in field corn, pro- 
ducing only light infections which resulted chiefly in 
mild leaf injury. Brawn Spot occurred throughout the 
southern half of the state, doing very little damage. 
Rust occurred throughout the state in unusual amounts, 
being especially abundant in the west and north, but it 
did no appreciable injury to the plants it attacked. Smut 
appeaerd in practically all the fields of the state, being 
more abundant in the southwest than elsewhere but 
doing relatively little damage. Ear Rot was much less 
abundant than a year ago, the apparent damage record 
in most of our field examinations running less than 0.5 
per cent. The Root- and Stalk-rot reports, though of 
necessity quite incomplete, indicate an infection of from 
14 to 18 per cent of the plants and a crop loss of from 
5 to 6 per cent. 

MISCELLANEOUS CROPS. 


Alfalfa. Anthracnose was rare. Leaf spots, how- 
ever, were abundant, those caused by Cercospora, Pleos- 
phaerulina, and Pseudopeziza being the ones especially 
noticed. There was a single instance of damage by the 
Rhizoctonia Root Rot. The Alfalfa Stem Nematode, 
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Tylenchus dipsaci, was found in two recently sown fields 
in Brown county. A new bacterial disease, caused by 
Aplanobacter insidiosum, appears to be _ prevalent 
throughout the state, oftentimes in rather serious 
amounts. 

Beans. The only disease of any consequence was the 
Bacterial Leaf Spot, which appeared early in June and 
continued to be mildly prevalent until harvest. 

Blackberries. The Eldorado and Early Harvest var- 
ieties suffered severely from Orange Rust in some south- 
ern districts. Other diseases were so mild as to pass 
almost unnoticed. 

Cabbage. Black Rot and Yellows were prevalent in 
serious amounts, but the infection was generally much 
lighter than in an average year. 


Clover. Powdery Mildew was prevalent throughout 
the state but was less intense than in any season since 
its appearance in Illinois. The Bacterial Leaf Spot 
caused by Pseudomonas trifoliorum was prevalent in 
very unusual abundance throughout the northern half 
of the state, the severity of its attack adding materially 
to the damage done by the clover bud weevil whose in- 
juries to the plants appeared to afford good opportunity 
for bacterial infection. A round Leaf Spot, due to Thy- 
rospora sarcinaeforme, was prevalent but not serious. 
The Leaf Spot caused by Cercospora zebrina, which has 
been so prevalent in Illinois during past seasons, was 
very rare. Mosaic, not hitherto much seen, was found 
in all parts of the state in slight amounts. White and 
Alsike clovers were attacked generally by Rust, but Red 
Clover was seen with it only twice. 

Cotton. The Bacterial Spot of cotton was prevalent 
chiefly on the bolls, seldom showing on the leaves, but 
was too light to do any serious damage to the crop. 

Cow Pea. Bacterial Spot of the leaf and pod was 
prevalent but not often serious. A Wilt, the cause of 
which we do not know, was common in southern counties, 


killing from 2 to 10 per cent of the plants in diseased 
fields. 
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Pop Corn. In DeKalb and LaSalle Counties this crop 
was subject to a heavy but not damaging attack of Rust. 
Smut infection was confined almost entirely to the tas- 
sels. 

Potatoes. Early Blight, Tip Burn, Scab, and Mosaic 
attacked this crop, none, however, being serious except 
Mosaic. 

Raspberries. Mosaic and Bramble Streak were prev- 
alent, the former being more widely distributed and 
more severe. Anthracnose injury was remarkably light 
in comparison with the usual season. 

Soy Bean. The Bacterial Leaf Spot was very prev- 
alent, though only mildly injurious. Two other Leaf 
Spots, one caused by Phyllosticta phaseolina and one as- 
sociated with an Alternaria, were occasionally encount- 
ered. Ina few places a Root Rot was seen, the infected 
fields having from a few up to 10 per cent of the plants 
killed. 

Sweet Clover. The Cercospora Leaf Spot caused con- 
siderable defoliation after the middle of June, reducing 
the forage value of the crop. 

Timothy. The Leaf Blight caused by Scolecotrichum 
graminis was prevalent, its injuries detracting mater- 
ially from the food value of the hay. Stem Rust was 
prevalent only in the extreme north, though seen else- 
where, and Smut was found but twice during the season. 

Watermelon. Wilt was prevalent in most districts, 
being enormously destructive unless the precaution to 
use new ground had been taken. Anthracnose was of 
little importance. 

SUMMARY. 


The prevalence of crop diseases in 1925 presents a 
striking contrast to that of the other years of our record. 
In the past we have called attention to their severity 
and to the great damage to crops resulting from their at- 
tack but this season we have had to speak of their mild- 
ness, rarely mentioning any considerable damage. Leaf 
rust of wheat, the most destructive disease of that crop, 
furnishes an illustration of the contrast, which may be 
made more concrete than the remarks we have made 
above. During the three previous seasons this disease 
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occurred on an average of 83.4 per cent of the wheat 
stalks in the state, occupying an average of 33.5 per cent 
of the total wheat leaf area in the state; but in 1925 only 
63.5 per cent of the stalks carried the disease, and it 
occupied only 6.5 per cent of the leaf area. Compari- 
sons could be made of many other diseases with similar 
results. The very warm dry weather of the growing 
season appears to have been the chief reason for the dif- 
ference. Even under such unfavorable conditions, how- 
ever, most diseases were able to establish themselves 
well enough to insure an abundance of infective material 
for a new season. 
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A BIOLOGICAL STUDY OF FISH PARASITES 
FROM THE CENTRAL STATES.* 


Hiram E. Essex anp G. W. Hunter, III, Untversrry or 
ILLINOIs. 


INTRODUCTION. 

During the last thirty years only a few papers have 
appeared which deal with the general occurrence of the 
parasites of fresh-water fish in North America. Ward 
(1894) reported on an investigation of the extent of in- 
fection with parasitic worms among 20 different species 
of fish inhabiting the water of Lake Saint Clair. Mar- 
shall and Gilbert (1905) published notes on the food and 
parasites of 13 species of fish found in the lakes near 
Madison, Wisconsin. In 1912 a more extensive paper by 
Ward appeared which dealt with the data accumulated 
from examinations of 991 fish among which were repre- 
sentatives of 62 species. This material was collected 
over a period of years and included such migratory fish 
as the salmon, (besides the strictly fresh-water fish). 

Studies concerning the distribution of certain families 
of parasites have been made by various workers. La- 
Rue (1914) published a comprehensive monograph on 
the Proteocephalidae. Cooper’s monograph of 1918 on 
the Pseudophyllidea describes over 50 genera of para- 
sites which occur in freshwater fish. Little has been 
done in the study of the seasonal distribution of fish 
parasites from fresh-water hosts. The report of Van 
Cleave (1916) on the seasonal distribution of Acantho- 
cephala represents the only work that has been done 
in this field. Studies have also been made of the para- 
sitic fauna of certain species of fish. An intensive inves- 
tigation of the parasites of the Sebago salmon was re- 
ported by Ward (1910). Pearse (1924) gives an account 
of the parasites of the yellow perch. Taken as a whole, 
however, the literature is lacking in extensive surveys of 
the parasitic infection of fish inhabiting the fresh-water 
lakes and streams of North America. More work along 
these lines would prove of great value to those investi- 


* Contributions from the Zoological Laboratory of the University of Illi- 
nois, under the direction of Henry B. Ward, No. 291. 
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gating the life cycles, seasonal distribution and other 
similar questions of parasitology. The purpose of the 
investigation which we are reporting was to collect data 
looking to the solution of some of these problems. 

The major portion of the data with which this account 
deals was gathered during the past summer (1925) when 
the writers, at the suggestion of Dr. Henry B. Ward and 
under his direction, made a preliminary survey of the 
parasites of fish inhabiting some of the inland lakes and 
rivers in the upper Mississippi and Missouri basin. The 
investigation was chiefly concerned with internal para- 
sites. That is, with the flukes, tapeworms, roundworms 
and spiny-headed worms which infect most fish in vary- 
ing degrees of intensity. To carry on this work success- 
fully it was necessary to travel by auto. A touring car 
was fitted out with the necessary camping equipment and 
scientific apparatus requisite for field work such as dis- 
secting instruments, microscopes, vials and preserva- 
tives. Accessories in the form of fishing tackle, nets ete. 
were included. 

We wish here to express our gratitude to Dr. Henry 
B. Ward for his part in making possible the survey and 
for much helpful criticism and advice during the prep- 
aration of the report. We also acknowledge indebted- 
ness to Dr. G. W. Hunter for his interest and aid in the 
undertaking, and to the Natural History Survey for the 
loan of camping equipment. Dr. David H. Thompson of 
the Illinois Natural History Survey merits especial 
thanks for his invaluable assistance in furnishing us with 
material for examination, especially during our stay on 
the Rock River. We are also grateful to F. Clippinger 
and P. A. Netland for material sent from Beaver Dam 
Lake and Lakes Miltona and Irene. 


GENERAL ACCOUNT. 

The expedition set out from the University of Illinois 
early in June and returned early in September having 
covered a distance of about 8,000 miles. During that 
time collections were made from the following rivers 
and lakes: rivers, 1. Rock River (northern Illinois) ; 2. 
upper Mississippi; 3. Cannon River (east-central Minne- 
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sota) ; 4. Cannon Ball River (southern N. Dakota) ; lakes, 
1. Lake Mendota (Wisconsin) ; 2. Lake Mazaska (south- 
eastern Minnesota); 3. Lakes Miltona and Irene (west- 
central Minnesota); 4. Mystic Lake (Bear Tooth Mts. 
southern Montana) (see map). All of the rivers named 
are tributary to the Mississippi with the exception of the 
Cannon Ball which is a part of the Missouri system. With 
the aid of fishermen along these streams we were able to 
secure an abundance of material for examination. The 
commercial fishermen along the Mississippi gave us 
every possible assistance in our work. It might be point- 
ed out here that efforts were made to secure fish for 
examination from the Little Missouri in North Dakota, 
near Medora, and from the Yellowstone River in eastern 
Montana (Glendive and Intake) but both streams were 
too turbid for successful hook and line fishing and the 
rapid current, sandy banks and bottom in each instance 
made seining dangerous if not impossible. The lakes are 
found in Wisconsin and Minnesota and are typical of the 
lakes of those regions. Lakes Miltona and Irene in Min- 
nesota are connected by a stream and may be regarded 
as one lake. Mystic Lake which lies in the Bear Tooth 
Mountains 7,600 ft. above sea level, is of interest from 
the scenic viewpoint and also in a biological way as will 
be indicated later. The records from-the lakes are less 
extensive than those from the rivers since we had to de- 
pend on hook and line fishing for material, because com- 
mercial fishing is not allowed in those lakes. 


In addition to the records made from the above rivers 
and lakes the data considered here include material col- 
lected individually by the writers from the Illinois, San- 
gamon, and Spoon (Fulton Co.) rivers, and Salt Fork, 
branch of the Vermilion river, Champaign Co. in- 
cluding the Urbana Drainage Ditch. The records from 
Lake Winnebago, Beaver Dam Lake, Wisconsin and a 
portion of those from Lake Miltona were made from ex- 
aminations of fish sent to the zoological laboratory at 
Urbana, Illinois. The data from Rock River were aug- 
mented from notes made by Justus F. Mueller in Octo- 
ber 1924 for the department of zoology of the University 
of Illinois. Taken as a whole the data represent collec- 
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tions made from eight streams and 7 lakes at various 
seasons of the year from August 1923 to March 1926. 
The most complete records, however, were made during 
the summer months. Representatives of fourteen fami- 
lies and forty different species of fresh-water fish came 
ander observation during that time. In all 652 individ- 
uals were examined and the internal parasites recorded. 
The majority of the fish belong to four families, namely, 
145 to Catostomidae, 139 to Centrarchidae, 107 to Doro- 
somidae and 127 to Siluridae (Table 7). 


Thirty-nine per cent of all the individuals studied were 
found to harbor one or more kinds of parasitic worms. 
This rather low figure for the percentage of infection 
must not be interpreted to mean that fish are usually free 
from parasites, as quite the contrary is true. It is not 
uncommon to find in the intestinal tract of the same 
specimen a large number of trematodes and cestodes as 
well as nematodes or Acanthocephala. Such forms as 
the large and small-mouthed bass, the bowfin, black bull- 
head and the yellow perch are almost invariably para- 
sitized. On the other hand certain species of fresh-water 
fish are rarely infected. For example, our records show 
over a hundred gizzard shad (Dorosoma cepedianum) 
examined and no parasites found. The only parasites 
recorded for this fish are Acanthocephala. ‘The feeding 
habits of the gizzard shad seem to be such as to preclude 
the acquiring of an extensive parasitic fauna. Since it 
feeds largely on vegetable debris at the bottom of 
streams and lakes, very seldom ingesting animal food, 
there is little opportunity for parasites which have an 
extremely complex life cycle, to find in it a suitable host. 
The European Carp (Cyprinus carpio) is another form 
which shows only occasional infection with helminths. 
Of the 26 examined only 5 were parasitized; one with 
nematodes and four with Acanthocephala. These fish 
are not native to American waters but were introduced 
from Europe. According to Forbes and Richardson 
adult carp were brought to Washington, D. C. in 1877 
and the young produced by them were distributed to 
25 states. The first shipment to [Illinois arrived in 1880. 
In Europe von Linstow and Liihe list sixteen helminths 
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parasitic in this fish: one nematode (larval stage), two 
Acanthocephala, eleven trematodes, and two Cestodaria. 

Any of these parasites that might have been imported 
with the adult fish were doubtless held in check because 
of the absence of the intermediate hosts necessary for 
their life cycles. In order that a parasite may establish 
itself in a new environment it must find the proper ani- 
mal for each of its stages between the egg and the adult. 
In the case of the trematodes a part of the life cycle 
is passed in molluses usually of a definite species. 
Should a-parasite which uses a specific molluse in Kur- 
ope be brought to America, its chance of continuing its 
kind would depend upon the presence here of that mol- 
luse or at least one closely related to it. The hazards 
to which a helminth is subjected under such cireum- 
stances are greater than commonly recognized. Since 
the adult carp were placed in the fish ponds in Washing- 
ton, D. C., where conditions were very restricted, there 
is little likelihood that the necessary intermediate hosts 
for its parasites were present. In the case of the trema- 
tode the lack of snails of the proper species would mean 
the interruption of the life cycle of the trematode and 
its early destruction. In the event that any of the para- 
sites found conditions suitable for continued existence 
their spread was checked by the distribution only of 
young fish: which under natural conditions are seldom 
heavily parasitized. The nematodes and Acanthoceph- 
ala found in the carp are evidently forms which have 
been able to adapt themselves to it as a host. They may 
be also only occasional parasites since the percentage of 
individuals which harbor them is very low. Many hel- 
minths are able to live in animals which are not their 
normal hosts but it is questionable whether they can 
reach sexual maturity and continue the cycle necessary 
for their perpetuation as a species. Consequently the 
occasional presence of a parasite in a certain host should 
not be taken as indicative that it is usually present. The 
acquisition of a parasite by a host is a very complex 
process since the anatomical and physiological make-up 
of both organisms must be such that neither will be 
destroyed by the relationship. Further, the habits of 
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the two must be such as to insure the continuity of the 
association in more than a single generation. Thus 
should a fish only rarely ingest the crustacean which is 
the larval host of a certain helminth, the infrequency 
with which the larva of the parasite was ingested would 
preclude the possibility of such a fish becoming the final 
host of the helminth in question. 

Another factor which determines to some extent the 
presence or absence of parasites is the age of the fish. 
Usually adults are found to be more heavily infected 
than immature forms. In the case of the 100 channel cat 
(Ictalurus punctatus) listed in the tables, 32 young indi- 
viduals were examined at one time and none of them 
contained parasites while in the adult specimens about 
50 per cent were found to be infected.* 

Where a sufficient number of individuals was avail- 
able an effort was made during the survey to select 
adults. We likewise tried to examine equal numbers of 
the forms available. It is hardly necessary to state that 
such a procedure was not always possible. Therefore 
our records of most species contain a small percentage 
of young individuals. It is quite evident that when a 
large number of fish which are known to harbor but few 
parasites, or young individuals of any species, are in- 
cluded in the data, a low percentage of infection will 
result and consequently false inferences may be drawn 
as to the prevalence of parasites. 

A more representative idea of the extent of infection 
among the majority of the native adult lake and river 
fish is gained when the 107 shad, 26 carp and 32 young 
channel chifish are excluded from the computation of the 
percentage of infection. When this is done nearly 50 
per cent of the other individuals examined show some 
infection. As has already been stated the external para- 
sites do not form a part of the data with which we are 
dealing. Parasitic copepods, which are frequently 
found on the gills of fish, and leeches which often attack 
catfish in large numbers would, if considered, greatly 
increase the percentage of individuals parasitized. 


* Twelve adult individuals of this species from the Rock River were 
examined April 14, 1926, and 11 were parasitized. This record is not a 
part of the tabulated data. 
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A study of the comparative occurrence of infection 
among the different classes of helminths should prove of 
interest. Considering only the adults of the native fish 
and excluding the gizzard shad which is seldom parasit- 
ized, the remainder show infection as follows: 7.5 per 
cent with trematodes; 10 per cent with Cestodaria; 14 
per cent with cestodes;* 12.6 per cent with nematodes 
and 20 per cent with Acanthocephala. This evidence 
shows that the Acanthocephala are most frequently 
found as internal parasites of fresh-water fish and Ces- 
todes follow with nematodes third. Although it appears 
that nematodes occur more frequently, they never oc- 
cur in as great abundance as do the trematodes which 
often may be counted by hundreds. This is especially 
true of the smaller species of flukes. The Cestodaria 
are limited to the Catostomidae and the fact that they 
show a higher percentage of occurrence than the tre- 
matodes which have a much wider range of fish hosts 
can be explained on the basis of the examination of a 
larger number of species belonging to the Catostomidae. 
Among ten species of that family, trematodes were 
found in only the small-mouthed buffalo and the red- 
mouthed buffalo. Among these same ten species no 
tapeworms were found, but six harbored Cestodaria. 

In connection with our work in Montana some interest- 
ing observations were made on conditions at Mystic 
Lake. This lake which is about two miles long is fed by 
the waters from Grasshopper Glacier, near Yellowstone 
National Park. Hundreds of fishermen visit this beauti- 
ful region every month during the fishing season to angle 
for rainbow trout which are found there in unusual 
abundance. Many of the fish at the lower end of the lake 
have been rendered less desirable for food because of 
their thin, ‘‘snaky’’ appearance. The sportsmen of that 
region have applied to them the very descriptive term 
of ‘‘horseshoe nails’’ because of their large heads and 
slender bodies. We were able to secure 9 fish from the 
lower part of the lake and 6 from near the head waters. 
Those taken near the source were plump and normal in 


we * This term as used in this paper includes only the polyzootic ces- 
odes. 
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appearance and showed a great deal of activity while 
being landed but the ones caught near the outlet were in 
very poor flesh and were less resistant to capture. An 
examination of the thin individuals showed extremely 
heavy infection with cestode larvae which were about 
18 mm. in length. In every instance the liver, intestinal 
wall, and in fact all the viscera, were permeated with 
this parasite. The normal fish, however, revealed the 
entire absence of this helminth or only moderate infec- 
tion. This is a striking instance of the localization of a 
parasite and would seem to indicate the presence of the 
intermediate host in greater numbers at the lower end 
of the lake. The local fishermen attribute the snaky ap- 
pearance of the fish to lack of food but such a large num- 
ber (some specimens contained a hundred or more) of 
parasites drawing nutriment from the vital organs of 
the host would very materially affect the health of the 
fish. Even a greater number of mature tapeworms or 
trematodes when contained in the lumen of the intestine 
seem to exert little influence on the well-being of. their 
host but when parasites bore into the wall of the intes- 
tine and the tissues of the pancreas, liver and spleen the 
effect is much more destructive. Thus fish so afflicted 
could hardly be expected to look well fed. 


GEOGRAPHICAL DISTRIBUTION, 


In making an attempt to analyze the data the first step 
would logically include a consideration of the material 
from the standpoint of geographical distribution. The 
writers have therefore attempted to make several com- 
parisons first, to determine whether or not there is any 
difference in the fauna of various regions, and second, 
if there is any evidence of seasonal distribution of the 
parasites, and finally, to study the relation of the 
parasitic fauna of fish, as recorded by Ward (1912), to 
our data. 

The analysis of the data from the geographical stand- 
point is based, of course, solely upon forms that were 
taken from both regions under examination. Thus, in 
a consideration of the data on the river fauna as com- 
pared with that of the lakes the same species found in 
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the rivers must also have been taken from the lakes. 
The numbers of individual specimens taken may vary 
considerably with the station, but where a number of 
different forms are examined, the percentages of infec- 
tion, as well as the data upon the percentage infected with 
the various groups of heminths, should be significant. 
The percentage of infection is based upon the number of 
fish examined, while the percentage parasitized with tre- 
matodes, etc., is based upon the number infected, rather 
than the total number examined at that station. The 
data for these comparisons are presented in Table 7. 

First of all let us examine the data available upon the 
rivers visited as compared with those from the lakes. 
Kight species of fish were taken both from rivers and 
lakes, and five of these forms were members of the Cen- 
trarchidae. The remaining three species were in three 
separate families. Table 1 shows a total of fifty speci- 
mens collected from the six rivers, while material from 
five lakes furnished data for comparison. Of the fifty 
individuals taken from the rivers nineteen, or 38 per 
cent, were infected as compared with sixty-seven taken 
from the lakes of which forty-two, or 62.9 per cent, were 
parasitized. This obviously shows that these eight spec- 
ies of fish were more heavily infected if they were taken 
from a lake, and opens the question as to whether or not 
this situation is typical. 

An analysis of the percentages of infection of the vari- 
ous groups of-.parasites shows some interesting facts. 
Trematode infection in the fish from the rivers is near- 
ly 12 times as heavy as in the specimens from the lakes. 
Tapeworms appeared nearly one half again as often in 
the river fish as in the lake fish, while the infection with 
nematodes was only some 7 per cent higher in the fish 
taken from the rivers. Upon the other hand, Acantho- 
cephala show a higher infection in the specimens taken 
from the lakes. 

The significance of these figures is clear, for in the 
case of the eight species under consideration it is evi- 
dent that the general infection in the river forms is lower 
than in the same species taken from the lakes. It is ap- 
parent that even though there is a lower percentage of 
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general infection in the case of the fish from the rivers 
there is a greater variety of parasites found in an infec- 
ted river specimen. That is, that while only 38 per cent 
of the river fish were infected, over one half were the 
hosts for trematodes, while in the case of the 62.6 per 
cent of infected lake fish less than 5 per cent possessed 
trematode parasites. Furthermore, one half of the 
parasitized river fish were infected with cestodes, while 
only one third of those from the lakes were parasitized 
with tape worms. This shows then that a greater num- 
ber of river fish is parasitized with both trematodes and 
cestodes than lake fish. Some idea of the multiple in- 
fection of these forms can be secured by the totaling of 
the infection percentages of the groups. In this case 
the infection percentages of the trematodes, cestodes, 
ete., for the parasitized river specimens totals 192 per 
cent compared with 136 per cent for the material from 
the lakes, clearly indicating a greater diversification of 
parasitic fauna of the river fish as compared with the 
infected individuals secured from the lakes. 


The next analysis involves a study of the Rock River, 
which is a typical muddy-bottomed Illinois River, as con- 
trasted with the same species of fish taken from the 
clear, cold lakes of northern Minnesota and Wisconsin 
which are represented by Lakes Miltona, Irene and 
Beaver Dam. The fish examined fell into six species and 
three families, Centrarchidae, Esocidae, and Percidae. 
Twenty-six specimens of fish were secured from the Rock 
River, only three of which, or 11.5 per cent, were infected 
with helminths as contrasted with the forty taken from 
Lakes Miltona, Irene and Beaver Dam which showed 
72.5 per cent infection. No reliance can be placed farther 
than this particular upon the data from the Rock River, 
for the number of infected fish secured was insufficient 
to give accurate infection percentages for the various 
groups of parasites. 


The tables giving the percentages of parasitization 
show that no specimens were secured from the three 
lakes under consideration infected with trematodes, 
while the cestode infection was over twice as great in 
the specimens taken from the river as those from the 
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lakes. Furthermore, the six species examined showed 
no infection by nematodes in the individuals obtained 
from the Rock River, as compared with a significant per- 
centage of infection among the lake fish. The Acantho- 
cephala infection was nearly three times as heavy in the 
fish taken from the lakes as in those examined from the 
Rock River. 

One outstanding feature of the Acanthocephala infec- 
tion from the lake region was the fact that of the 15 
specimens of Micropterus salmoides (large mouth black 
bass) examined all were parasitized with Acanthoceph- 
ala in great numbers. The three Micropterus dolomieu 
(small mouth black bass) examined also showed parasit- 
ization with Acanthocephala, although here the infection 
also included cestodes and nematodes. This condition 
is closely correlated with the feeding habits of the fish, 
and indicates that great numbers of infected interme- 
diate hosts had doubtless been ingested. 

Having considered the situation as found in the lakes 
and rivers, followed by a study of the Rock River and 
several typical lakes of northern Minnesota and Wis- 
consin, attention may be directed to that body of water 
which in places is a lake and in other regions a river, 
the Mississippi. Here at Camanche and Bellevue, Iowa, 
spoken of as Mississippi 1, it was found that ten of the 
sixteen individuals from three families were parasitized 
to the extent of 62.5 per cent as compared with Lake 
Pepin where fifteen of the nineteen specimens, or 78.9 
per cent were infected. 

It must be borne in mind that the conditions found in 
Lake Pepin are not the same as those of the typical lake, 
for obviously it is not subjected to all of the conditions 
characteristic of lakes. An example of this is the ex- 
treme variation of water level which is known to occur 
in Lake Pepin, due to the rise of the river level during 
the spring months, or when flood conditions are present 
on the Mississippi River. Normally this vast body of 
water would be expected to furnish conditions nearer 
those of the typical lake than of the river. The forms 
used as the basis for a comparison here are limited to 
the species of fish generally found in greater numbers 
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in the rivers, and hence the comparison may not be en- 
tirely representative. 

Trematode infection averaged 50 per cent in the ma- 
terial secured from Mississippi 1, as compared with the 
situation at Lake Pepin where no specimens infected 
with trematodes were found. This is significant when 
it is realized that the four specimens of Amiatus calvus, 
for example, which were taken from both the Rock and 
Mississippi 1 stations showed 100 per cent infection with 
trematodes, whereas the one specimen secured from 
Lake Pepin did not have any trematode parasites, al- 
though it did harbor cestodes, nematodes, and Acan- 
thocephala. Here for the first time in these tables, Ces- 
todarian infection appeared, being present over twice as 
often in the material examined at Mississippi 2. The 
infection with cestodes was approximately the same at 
both stations, whereas the nematode infection was ex- 
ceedingly high in the material examined from Missis- 
sippi 1. Parasitizaton by Acanthocephala was four 
times as great in the individuals examined from Missis- 
sippi 2 as in those from Mississippi 1. 

Having completed a comparison of the data from two 
different regions of the Mississippi River, attention can 
now be directed to a study of the Rock and Mississippi 
1 stations in an attempt to see whether or not the fauna 
of these two regions is alike, since both rivers are funda- 
mentally similar. Here eight species of fish included in 
five different families were examined and the Rock River 
material showed twenty-five of the thirty-nine individ- 
uals, or 64.1 per cent infection, while fourteen of the 
twenty-one, or 66.6 per cent, from Mississippi 1 were 
parasitized. This shows a remarkably close identity in 
general infection, and this corresponds to the expecta- 
tion based upon the fact that both of the streams are 
connected, and both are typical mid-west rivers. The 
higher percentage of general infection in the data for six 
of the rivers found in Table 1 is due primarily to the 
fact that in this comparson specimens examined from 
these two stations were typically river forms and in- 
cluded such genera as Carpiodes, Ictiobus, Cyprinus, 
Ictalurus, and Leptops. 
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A detailed study of the parasitic fauna of these two 
groups shows a much higher trematode infection in the 
material secured from the Camanche and Bellevue sta- 
tion. The infection with Cestodaria and cestodes was 
about the same in the specimens taken from the Rock and 
Mississippi 1, while the nematode infection of the Rock 
River fish was much lower than in those from Camanche 
and Bellevue. An interesting situation occurred in the 
analysis of the infection data of Acanthocephala. This 
parasite showed the highest percentage of general infec- 
tion, being present more frequently (though not in 
greater numbers) than any other helminth which came 
under observation, and yet none of the eight species of 
fish in this table from Mississippi 1 were parasitized by 
Acanthocephala. 

A comparison of the Rock and Mississippi 1 during 
the summer of 1925 is logically followed by one of the 
Rock River and Lake Pepin, or Mississippi 2. The data 
are based upon practically the same number of species 
as used in the comparison with Mississippi 1, although 
several have been added and a few subtracted. The 
Rock shows that twenty-seven of the forty specimens 
examined, or 65.8 per cent, were parasitized as compared 
with eighteen of the twenty-two, or 81.8 per cent, infec- 
tion of the Lake Pepin specimens. 

The fish from Lake Pepin were uninfected with tre- 
matodes, and here again, as in the case of the compari- 
son of the Mississippi 1 and 2 stations, the infection of 
fish with Cestodaria was over twice as heavy in the 
specimens taken from Lake Pepin. On the other hand, 
cestode infection was nearly three times greater in the 
fish secured from the Rock River, while the infection 
with both nematodes and Acanthocephala was higher 
in the specimens examined from Lake Pepin. 


DISCUSSION. 


It must be borne in mind that the relation shown in 
the preceding paragraphs are at the best only approxi- 
mate, and are based upon percentages which are modi- 
fied several percent by the mere addition or subtrac- 
tion of a single individual to the columns. The most 
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accurate index is given by the general infection data 
which present a fair picture of the conditions of the 
forms under consideration for that particular season of 
the year. Nevertheless, an analysis of the data for the 
five regions shows several significant facts. 

From our material, it appears that the river systems 
have a lower percentage of parasitization than do the 
lakes. The infection data derived from eight species of 
fish from six rivers as compared with those from five 
lakes, show there is a difference of 24 per cent between 
the two. This is the most significant figure as it includes 
data on over 50 specimens in each case, and these data 
are derived from eight species of fish from three fami- 
lies. All other data, tend to support this conclusion 
though the percentages vary, due to the different spe- 
cies of fish considered in the diffeernt tables. Thus the 
Rock River and the three lakes from Minnesota and 
Wisconsin show 11.5 per cent and 72.5 per cent infection. 
Even the two stations on the Mississippi River: Ca- 
manche and Bellevue, and Lake Pepin, show marked 
differences. Even though Lake Pepin departs in a mea- 
sure from lake conditions, the fish show more parasitiza- 
tion from Mississippi 2 than from Mississippi 1. <A 
comparison of the Rock River and Lake Pepin shows an 
equally great difference, for Mississippi 2 has 16 per 
cent higher infection among the fish than the Rock River. 
Our data show, therefore, that the fish examined from 
the lakes have a higher percentage of infection than do 
the same species taken from the rivers. 

The trematode infection data also indicate several 
facts of interest. All records from the rivers and lakes 
clearly show a very low percentage of infection with 
trematodes among fish from the lakes. Infection ranges 
from 4.7 per cent in the data based upon the fish ex- 
amined from five lakes to no infection in the material 
from Lakes Miltona, Irene, Beaver Dam and Lake Pepin. 
The statement concerning Lake Pepin should be qualified 
since collections were made only from the vicinity of 
Lake City, Minnesota, and did not include data for the 
upper end of the lake. However, as far as our data are 
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concerned, trematode infection is very low in the fish 
taken from lakes. 

Little can be said concerning the infection by Ces- 
todaria except that in this region it is limited exclusive- 
ly to members of the Catastomidae, although in Europe 
Cyprinus carpio is frequently found to serve as the 
host for two species of Cestodaria. The individuals 
showing the highest degree of infection were members 
of the genus Ictiobus, although Carpiodes sp. also car- 
ried infection. Cestodarian infection occurs in rather 
significant percentages, and varies from 14.2 per cent 
to as high as 53.3 per cent, although the latter condition 
was found only in the material from Lake Pepin. The 
more usual condition seems to be that of the Rock and 
Mississippi 1 stations where the infection percentages 
range between 15 and 20 per cent. 

Several interesting facts concerning the data furnished 
by the cestodes should be pointed out. The summary of 
these data show that of the forty-two infected specimens 
taken from five of the lakes examined, fourteen or 33.3 
per cent of them, contained tapeworms. This figure re- 
mained remarkably constant throughout the other tables, 
the entire range was from 31 to 33.3 per cent, the former 
in the lakes of northern Minnesota (Lakes Miltona and 
Irene) and Wisconsin (Beaver Dam), as compared with 
the 33.3 per cent found not only in the five lakes but also 
in Lake Pepin upon two occasions and in two different 
sets of data. It appears, therefore, that this figure is 
significant and that the cestode infection of lake fish, 
even including those from Lake Pepin, is uniform dur- 
ing the summer months. 

Infection with cestodes in the river fauna is variable 
as is shown by the data on six rivers which indicate 50 
per cent tapeworm infection as compared with the mini- 
mum of 30 per cent at Mississippi 1 (Table 3). The 
maximum infection is shown in Table 4 where the Rock 
River fish carried an infection of 68 per cent. It is evi- 
dent from the foregoing discussion that the percentage 
of ‘river fish infected with cestodes is variable, whereas 
the percentages of infection found in the specimens ex- 
amined from the lakes was nearly constant. 
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Another indication of the more stable conditions in 
lakes is found in the infection data of nematodes. Here 
the percentages range from 19 per cent for the fish from 
the five lakes to the maximum of 26.6 per cent in the 
table showing the comparison of Lake Pepin with Mis- 
sissippi 1. Here the difference is only 7.6 per cent 
whereas the river conditions show an infection range 
from 0 to 70 per cent. This clearly shows that nema- 
tode infection in lake fish is distinctly a stable factor, 
as compared with the infection of the fish from the riv- 
ers. 

The infection data on the Acanthocephala disclose a 
rather unique condition, for the lakes, which are pre- 
sumably more stable, show variations in the percentage 
of fish infected with Acanthocephala ranging from 38.8 
per cent in fish from Lake Pepin to 79.3 per cent in the 
material from the lakes of Minnesota and Wisconsin. 
The higher percentage of infection of the game fish with 
Acanthocephala doubtless was responsible for the differ- 
ences as noted. The individuals examined at Lake Pepin 
were primarily river fish as the carp, buffalo, etc., while 
those from the lakes af Minnesota and Wisconsin were 
almost exclusively bass, crappies, sunfish, ete. But even 
when the Lake Pepin data are ine!nded with those from 
the other lakes the maximum variation is 39.3 per cent 
in the lake fish, while the river fish show a range of in-. 
fection from 0 to 63.1 per cent (Table 1). This condi- 
tion shows, therefore, that infection of fish with Acan- 
thocephala is highly variable, but there is less variability 
of infection in the fish examined from the lakes than in 
those taken from the rivers. 


COMPARISONS BY REGIONS 
Ambloplites rupestris 


Several interesting comparisons may be made between 
the parasitic fauna from different localities. We have 
data concerning one host, Ambloplites rupestris, col- 
lected during the summers of 1924 and 1925 from two 
regions, Beaver Dam Lake, Wisconsin and Lakes Mil- 
tona and Irene, Minnesota. In both instances the col- 
lections ranged over the entire summer from the middle 
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of June to early September. The parasitic fauna con- 
sisted primarily of Acanthocephala but occasionally a 
few nematodes were present, although the degree of in- 
fection was not excessive. Twenty specimens were ex- 
amined from Beaver Dam Lake, and 16, or 80 per cent, 
were infected. The 21 specimens from Lakes Miltona 
and Irene, (which are connected by a short stream of 
some depth, making migrations possible), showed infec- 
tion in 19 individuals, or 95.3 per cent. This difference 
in the number of parasitized fish may be typical of the 
respective localities. It suggests an interesting study 
on the food and other conditions affecting the rock bass 
in the lakes of these two states. 


SEASONABLE DISTRIBUTION 


It has long been supposed that the number of para- 
sites, as well as the types of parasites, found in a given 
host would be fewer during the winter months than at 
any other season of the year. An analysis of Table 6 
shows this to be true in the case of Amiatus calvus 
(bowfin), for in November and December 1923 the fish 
were 100 per cent infected, but only with cestodes. The 
succeeding year a like situation prevailed, although 
there were only 60 per cent infected, but here again the 
infection was limited to the tapeworms. In the summer 
of 1925, however, this form was found to be more gen- 
erally parasitized, for then trematodes, cestodes, ne- 
matodes and in one case Acanthocephala were all pres- 
ent and the infection was found to be 80 percent. The im- 
portant fact, however, in the case of Amiatus calvus is 
not the percentage of infection, but rather the diversifi- 
cation of parasites which occurs during the summer 
months. 

Carptodes carpio (common river carp) like the first 
form shows a greater number of different parasites dur- 
ing the summer and early fall (October) than at any 
other season of the year at which we examined them. 
During the summer Cestodaria, nematodes and Acan- 
thocephala were found as compared with the data for 
March (1926), and May (1925). In May no infection 
was found in the specimens examined, while in March 




















PAPERS ON BIOLOGY AND AGRICULTURE 173 
of the next year one out of eleven, or 9 per cent, were 
parasitized, but then only with Cestodaria. Carpiodes 
velifer (quillback) examined in the summer of 1923, fall 
of 1924, and summer of 1925 show parasitization con- 
sisting of Cestodaria, Acanthocephala and cysts, while 
in the spring of 1925 and 1926 no infected specimens 
were found. This is in close agreement with our data se- 
eured for Carpiodes carpio. The data indicate that there 
is a greater number of different parasites present in 
these species of fish during the summer months than in 
the winter. 

An examination of fourteen specimens of Ictiobus 
cyprinella (red mouth buffalo) made in the summer of 
1925, from three different stations, revealed the presence 
of trematodes, Cestodaria, nematodes, Acanthocephala 
and cysts to the extent of 85.7 per cent of the total num- 
ber examined. In October (1924) five specimens were 
taken and were found to be 60 per cent infected; this 
infection consisted of trematodes, cestodaria and nema- 
todes while ten fish examined in March (1926) and May 
(1925) indicate a still greater reduction in the types of 
parasites found, only Cestodaria and cysts being present, 
as well as in the percentage of parasitization which has 
now dropped to 50 per cent. 

Both Pomozis annularis and Pomozis sparoides (white 
and black crappie) are unique forms in that they are 
remarkably free from helminths. Out of a total of four- 
teen specimens of Pomozxis annularis, examined at three 
different seasons, and from three different stations in 
as many states, from both rivers and lakes, only 28.5 
per cent were infected; and then only the fish from one 
locality Beaver Dam Lake at Cumberland, Wisconsin. 
This infection occurred in 50 per cent of the eight fish 
examined during the summer of 1924, and was composed 
entirely of Acanthocephala. The six fish of this species 
which were secured in October (1924) and the summer 
of 1925 were entirely free from parasites. 

Pomoxis sparoides (black crappie) affords a still more 
interesting case, for here with a total of 32 specimens 
examined from three distinctly different localities, which 
included both lakes and rivers, during the summers of 
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1924 and 1925 only 6.2 per cent were infected. As in 
the case of Pomoxis annularis the infection was limited 
solely to Acanthocephala. Seasonal data are confined 
to an examination of thirty-two specimens, six of whicb 
were collected.during the summer of 1924 and seventeen 
during the summer of 1925. Of these fish which were 
studied two or 8.6 per cent of the twenty-three fish taken 
during the summers were infected with Acanthocephala, 
while of the nine forms examined in the latter part of 
October (1924), not one was found to be parasitized. 
Thus again it is evident that the percentage of infection 
becomes lower as the winter months approach. 

It is apparent that we can do little more than point 
out the conditions as we found them and suggest one or 
two possible inferences. Our data show that in the six 
species analyzed there is a greater diversification of 
parasites during the summer than at any other season 
of the year. This is obviously correlated with the pres- 
ence of those forms which serve as intermediate hosts 
for the parasites, and at the same time the frequency of 
infection will probably be greatest when these inter- 
mediate hosts are abundant enough to compose a high 
percentage of the food of the fish. 

Furthermore the diversification of parasites in any 
season is apparently related to the time of infection, or 
the seasonal distribution of the intermediate hosts, and 
also to the length of life of the adult parasite. It seems 
to be the case that the adults of some fish cestodes at 
least occur only in an immature form in the final host 
during the winter season and in an active egg producing 
form during the summer. 


FOOD AND PARASITES. 


A survey of the literature upon the food of the fresh- 
water fish shows thorough work in a limited field. The 
chief contributor was Forbes who published an impor- 
tant series of articles (1878-1888). Following this 
Forbes and Richardson (1908) issued a monograph on 
the fish of Illinois which contained information on their 
food and habits. Pearse (1918) published on the food 
of fish, but unfortunately the data were confined to the 
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months of June to September. A report of the food and 
parasites of fresh-water fish from the lakes in the vicin- 
ity of Madison, Wisconsin, was made by Marshall and 
Gilbert (1908). Fish food manifests considerable sea- 
sonal as well as local variation as may be seen in the 
recorded data. A consideration of the food of five spec- 
ies of the fish mentioned above should be of value, since 
the presence of parasites is dependent upon the feeding 
habits of the fish. 

The food of Amiatus calvus from the Illinois River 
was recorded by Forbes (1883). These data were gath- 
ered throughout the year, but were not listed by seasons. 
Forbes finds, however, that Mollusca constitute 25 per 
cent of the animal food while crayfish comprise 40 per 
cent. Pearse (1918) in studying the food of this spec- 
ies from lakes in the vicinity of Madison, Wisconsin, 
finds that it consists of 90.1 per cent fish remains and 
9.4 per cent crayfish. A heavy infection with helminths 
would be expected in fish feeding upon Mollusea and 
Crustacea since both act as intermediate hosts for tre- 
matodes, and the latter have long been known to serve 
as hosts for many parasites. Crayfish were found by 
Ward (1894a) to be the intermediate host for the fluke 
Distoma opacum. Examinations of the intestinal tracts 
of Amiatus calvus made by the writers during the sum- 
mer of 1925 also showed that crayfish and Mollusea had 
been eaten in large numbers. These examinations also 
revealed the fact that parasites from four different or- 
ders infected the bowfin to the extent of 77 per cent. It 
is clear that this type of food is responsible for the heavy 
parasitic infection of Amiatus calvus. 

The food of the buffalo fish, Ictiobus bubalus and Icti- 
obus cyprinella is recorded in the work of Forbes (1888). 
Over a fourth of the Jctiobus bubalus examined were 
parasitized. Forbes lists 80 per cent animal food for 
this species and finds that it consists of 30 per cent Mol- 
lusea, 29 per cent insects and insect larvae, and 20 per 
cent Crustacea. In our examinations the parasites with 
one exception were exclusively Cestodaria. The absence 
of trematodes is striking considering the large percent- 
age of Mollusca listed by Forbes as comprising the food 
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of this species. In the case of Ictiobus cyprinella (red 
mouth buffalo) the trematode infection ran much higher 
than in the case of Ictiobus bubalus and yet the amount 
of mollusean food recorded by Forbes was only 3 
per cent, and the remainder of the animal food consisted 
of 33 per cent insects and 29 per cent Crustacea. More 
work upon the food of these forms is necessary in order 
to determine the relations of the parasites and the food. 

In the case of the food of Pomozis annularis Forbes 
and Richardson (1908) state that it consists of insects, 
Crustacea and fish. On the other hand, the food of 
Pomoxis sparoides according to these two workers is 
‘*substantially identical with that of annularis, except 
that 11 specimens examined had taken a larger percent- 
age of both Entomostraca and fishes, and a smaller one 
of aquatic insects. These differences of ratio are, how- 
ever, very likely local and seasonal.’’ Our data show 
over 22 per cent higher infection with helminths in 
Pomoais annularis than Pomowxis sparoides. Further- 
more, these data cover collections from three localities 
made over two summers and one fall. These differences 
in the percentage of infection between the two species 
show that the variations as noted are probably due to 
the feeding habits of these forms rather than to loca! 
and seasonal causes as suggested by Forbes and Rich- 
ardson. 

COMPARISONS OF DATA WITH OTHER RECORDS. 


In Table 6 a comparison is made of the parasites from 
all the species of fish common to our records and those 
of Ward (1912). His data were gathered over a period 
of 10 or 12 years and represent material from numerous 
sources. This, to a lesser degree, is true of our records. 
A study of this table reveals, with a few exceptions, close 
agreement between these two sets of data. This simi- 
larity is evident in the following species, when allowance 
is made for differences in the number of individuals ex- 
amined: <Acipenser rubicundus, Amiatus calvus, Car- 
piodes carpio, Micropterus dolomieu, Micropterus sal- 
motdes, Esox lucius, Cyprinus carpio, Notropis blen 
nius, Hiodon tergisus, Perca flavescens and Salmo irt- 
deus. 
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Besides the inequality in the number of fish examined, 
the differences may, in many instances, be accounted for 
on the basis of variations in the presence of the interme- 
diate hosts of certain parasites. The widest difference 
occurs in the records of trematode infection. This ex- 
planation has some evidence for its support since the 
Mollusea are not always present in lakes where fish 
abound and trematodes would be wanting in fish devel- 
oped in a molluse-free lake. These records taken to- 
gether constitute a fair sample of the usual parasitic 
fauna of the fish listed in the table considering the 
wide distribution of the sources of the material and the 
probable differences in the seasons when the collections 


were made. 
SUMMARY AND CONCLUSIONS. 


1. Thirty-nine percent of the 652 fish examined harbor one or more 
kinds of intestinal worms. 

2. The lowest percentage of infection was found in Dorosoma cepe- 
dianum, Cyprinus carpio, and Pomozis sparoides. 

3. The Cestodaria occur exclusively in members of the Catostomidae; 
no fish belonging to that family harbored polyzootic cestodes. 

4. Acanthocephala are more frequently found in examinations of 

fresh-water fish than any other parasitic worms. 

The percentage of infection is divided among the parasitic groups 
as follows: Acanthocephala 20.0 percent, Cestoda 14.0 percent, 
Nematoda 12.6 percent, Cestodaria 10.0 percent, Trematoda 7.5 
percent. 

6. The lakes show a higher percent of infection than the rivers. 
This is supported by a comparison of the fish from the lakes 
and rivers infected with Trematoda, Cestodaria, Cestoda, Nema- 
toda and Acanthocephala. 

7. According to data for the different groups of helminths on sea- 
sonal distribution in 6 species, greater numbers were present 
during the summer than during the fall, winter or spring. 

8. In the family Centrarchidae both extremes of parasitization were 
present; the members of the genus Pomoxis possess but few 
helminths, while Micropterus showed nearly 100 percent infec- 
tion. 

9. Amblopites rupestris from Lakes Miltona and Irene showed over 
95.3 percent infection with Nematoda and Acanthocephala, 
while those from Beaver Dam Lake showed 80.0 percent infec- 
tion. 

10. Our data on the parasites of 25 species of fish are in substantial 
agreement with those of Ward (1912). 
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SEASONAL OCCURRENCE OF THE LARGER 
FUNGL. 


V. O. Granam, Untversiry oF CHicaco. 


The flowering plants show a marked seasonal sequence. 
March has its Skunk cabbage, Hepatica and Blood root; 
April its long list of spring annuals including such as the 
Spring Beauty, Adder’s Tongue, Anemone and spring 
Cress. In the summer the plants present are much 
larger than the spring plants. The autumn plants, are 
not only the largest but are also more numerous than 
the plants of the other seasons. In many respects we 
find a similarity between these and the fungi when we 
compare the seasonal occurrence. It is the purpose of 
this paper to point out some of the factors that operate 
in determining the growth and reproduction of fungi. 
The evidence contained is observational evidence. The 
differences in the seasonal aspects and the factors caus- 
ing these differences are here considered. 


Kach season presents a different fungal flora. Mor- 
chella and Peziza are the most representative of the 
spring. Russula and Lactarius of the summer, while in 
the autumn the genera represented are numerous. Many 
of the species occurring in the spring may be found 
throughout the summer and even in the autumn. The 
Collybia velutipes, Collybia dryophylla, Pluteus cervinus 
and many others are not at all confined to the spring. 
Morchellas of various kinds in fact the entire genus may 
be found in the spring only. The same may as well be 
said of Peziza. The summer months are represented by 
a much wider range of genera than the spring. Rus- 
sula and Lactarius are perhaps the most common genera 
found in the summer. The supply is by no means con- 
fined to these however. Amanita, Tricholoma, Hygro- 
phorus, Mycena, Omphalia, Galera, Psailliota, and Hy- 
pholoma, may also be observed. The autumn includes 
not only these but Cortinarius and species of many gen- 
era. In winter may be found the fruiting bodies of the 
hard woody forms which persist as perennials. A few 
species notably Collybia velutipes of the softer kind may 
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be collected throughout the winter. Since this is edible 
it furnishes an opportunity for its table use in the cold 
season. 

Certain aspects are shown in the seasonal changes. 
First the numerosity variation. Second the place of 
oceurrence at the different seasons, and third the differ- 
ence in the environment due to the season. The autumn 
is the best season for growth as indicated by the great 
number present. The second aspect observable during 
the autumn is that it is a forest environment. The 
spring produces fewest mushrooms. The environment 
then is an open forest or pasture. The summer is inter- 
mediate between the other adjacent seasons. The forest 
spring environment is different from the forest autumn 
environment due to the dead leaves on the forest floor. 

Three factors seem to operate in determining the sup- 
ply of fungi in the different seasons: temperature, mois- 
ture and humus supply. The presence of the blanket of 
leaves on the forest floor has its most important effect 
upon the factor of temperature. It delays the rise of the 
soil temperature in the spring by serving as a protecting 
coat. This may be illustrated by a comparison. In the 
apple orchard it is customary to place straw and manure 
on the ground under the trees in the winter. This was 
first done to enrich the soil but another value accrued. 
It was soon observed that the trees did not bloom as 
early when the ground was coated. The usual explana- 
tion given by the farmers is: The manure holds the frost 
in the ground late. It would be more correct to say that 
the coating keeps the heat out. In a similar fashion the 
presence of leaves delays the appearance of fungi in the 
spring. The soil remains too cool for their growth. The 
opposite effect might then be expected in the autumn. 
Indeed such is the case. A reasonably open autumn will 
permit the production of mushrooms in numbers almost 
through November. Some hardy forms will persist in 
appearing for a week or two later than this. Of these 
very late forms are a few such representatives as the 
Tricholoma personatum, Armillaria mellia and Peziza 
coccinea. We may therefore expect a still greater delay 
in seasons as indicated by the mushrooms than is the 
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case for other plants. We speak of signs of spring when 
the skunk cabbage and hepatica appear, and these often 
appear in March. The spring mushrooms do not appear 
in numbers at this time but two months later. It is May 
not March that we must interpret as the beginning of 
the first of the mushroom seasons. This season should 
then be permitted to include all of June for the average 
year. No marked change in the fungal flora occurs until 
the first or second week in July. 

The summer season is exceedingly variable from year 
to year. If it is a dry season xerophytie conditions pre- 
vail and fungi are absent. Such a season gives us little 
material on which to base conclusions. A wet summer 
on the other hand brings forth all that are ready for 
growth. Most of these effects apply most markedly to 
terrestrial species. Habitats on wood are generally not 
blanketed with leaves. An exception to this statement 
is wood habitats on or under the ground. The autumn 
is the most prolific season. Temperature, moisture and 
a habitat replete with humus are here combined. The 
cooling of the soil is retarded by the leaf blanket. The 
evaporation of the soil moisture is retarded by the leaf 
blanket, the shade and other forest conditions. The for- 
est floor contains an abundance of organic material in 
various stages of decay. All these are favorable to the 
growth of Fungi. By comparison it may be noticed that 
the spring very slowly attains the proper temperature. 
This is first attained in habitats where the humus supply 
is deficient, namely pastures and open forest. Even here 
an examination of the habitat of the mushroom often re- 
veals thé presence of manure or a decayed piece of wood. 
But such material is more scattered in the pasture than 
in the forest. When the above conditions are considered 
collectively it becomes apparent that the larger fungi 
could not in the spring be expected at all were it not 
for the excess rainfall prevailant. Even as is true in 
the case of such flowers as Spring Beauty, Adder’s 
Tongue, Hepatica and other so called spring annuals 
Fungi may exist on soil which during other seasons is 
xerophytic. Again they could not exist in other habi- 
tats because of the absence of sufficient heat. Since they 
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receive enough heat only in places where humus is scarce 
the spring supply is more limited than that of any sea- 
son except the winter. 

Slight differences in altitude is a factor of some im- 
portance. Swamps remain cool into the summer. The 
fungal supply is here quite limited until August, at which 
time it becomes more abundant than in the drier habi- 
tats. Lactarius camphoratus, Eccilia rhodoclix, Hygro- 
phorus, of several species and others may here be found 
in quantity. Ravines are important habitats. The ex- 
posure is here lessened and moisture supply is adequate. 
In the dry August of 1925 the ravines continued to pro- 
duce fungi for more than a week after the supply had 
ceased appearing in the other part of the forest. The 
dry August followed a moist period in July. The ra- 
vines are generally much more mesophytic than other 
forest habitats. Moisture from the deeper soil layers 
moves toward the surface. It also moves horizontally. 
The ravine slope is well situated to make use of this 
moisture especially if the slope is not steep enough to 
start the formation of gullies. The leaf mould and the 
shade are agents for the retention of the seeping water. 
In August 1925 the moisture precipitated in July was re- 
tained near the surface on the ravine slope. Here oc- 
curred some of the small Lepiotas e. g. Lepiota gloe- 
oderma and Lepiota clypeolaria in addition to the more 
commonly known mushrooms. The woods upland at this 
time was remarkably free of fungi. 

In explaining why mushrooms continue to appear for 
a few weeks after rains cease; also in explaining why 
it is a few weeks after the close of a dry period before 
they occur it is necessary to take into consideration two 
factors: It takes from 10 days to some months for a 
mushroom to grow to maturity: It takes some time after 
it has prepared for fruiting for the production of pilei 
to cease. Following a dry season will oceur—when mois- 
ture is again abundant—a succession of fungi. The 
small quick growing forms constitute the first scene then 
the medium sized and the large forms figuratively speak- 
ing may be said to carry up the rear. Among the small 
species may be noted several of the small Marasmius 





186 ILLINOIS STATE ACADEMY OF SCIENCE 


which inhabit leaves. Omphalia is likely to be repre- 
sented. Mycena contains several small forms which 
are here found. A small coprinus grown from the spore 
requires about 12 days to complete its life history and 
again produce spores on the fruiting body. Larger spe- 
cies of Coprinus require a month. Some of the woody 
forms undoubtedly require months or perhaps years 
to complete their life history. The length of time for 
the growth of the fungi correlates closely with the obser- 
vation of the succession of the fungi following the dry 
weather period. 

Due largely to temperature factors such habitats as 
swamps and dunes do not produce fungi in quantity in 
the spring. The alternate strata of snow and sand in 
the dunes which remains often into June insures a tem- 
perature condition which inhibits fungal development. 
The swamp also is notably slow in rise of temperature 
so little may be expected here by the collector. 

In conclusion we may summarize the seasonal occur- 
rence of fungi by these statements: The autumn is the 
most prolific for fungi. The winter and spring supply 
is inhibited. The presence of a leaf blanket, the shade 
or open exposure, and other physical factors operate in 
such a way as to affect the supply of heat and moisture. 
These factors are present in unequal degrees for differ- 
ent seasons. Favorable heat and moisture conditions 
are thus present in spring where humus is little. Humus 
and heat are likely to be present in summer with mois- 
ture lacking. Humus moisture and heat are all to be 
expected in the autumn. Humus, heat, and moisture 
must all’be abundant to insure a large supply of fungi. 
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SOME PROBLEMS IN TEACHING SOIL 
FERTILITY. 


R. BE. Muckexroy, State Normau Untversiry, 
CARBONDALE. 


The teaching of soil fertility in Southern Illinois is not 
an easy problem. Located as we are, principally on the 
Lower Illinois Glaciation, the soil is naturally acid and 
deficient in organic matter. The principal soil type is 
that of gray silt loam on tight clay. Because the soil 
is of this type, acid and deficient in organic matter, many 
problems related to the physical properties of the soil 
and the essentials of fertility arise. Therefore the prob- 
lem of the teacher is two fold,—that of illustrating the 
principles of fertility by way of the limiting plant food 
elements, and the conditioning and keeping the soil in 
the very best of physical tilth for the growing of the re- 
spective farm crops. 

While the soils of this area are very deficient in the 
relative amounts of plant foods as compared with other 
areas or glaciations, yet when these essentials are sup- 
plied a very marked response is noted. Three essen- 
tials as we note them are needed: 

1st. Limestone to sweeten and to floculate or granu- 
late the very fine soil particle for the better circulation 
of air and the absorption of water. The lime or calcium 
may not be considered as absolutely essential to the 
cerial crops, but very essential to the growing of all leg- 
umes. Here is found its greatest value. 

2d. The nitrogen supply is very deficient in our sur- 
face soils, and its cheapest carrier is that of organic 
matter which further serves to assist in the partial gran- 
ulation of the fine soil particle for the better circulation 
of air and water, and to act as a sponge to hold the mois- 
ture. Deep plowing, where limestone and organic mat- 
ter are worked into the soil, breaks into and serves to 
deepen the very tight subsoil, and to increase the feed- 
ing areas of the roots. Without this granulation and 
deepening of the surface, the fine colloidal condition of 
the soil serves as a water shed in times of hard rains, 
and is the cause of much washing and leaching. 
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3d. The phosphorus supply in our soils is very de- 
ficient. The subsurface and the subsoil contain much 
more than the surface. Our shallow and medium root- 
ing plants are very much limited in yield in some sec- 
tions because of this phosphorus deficiency. By the ad 
dition of lime deep rooting plants such as the legumes 
may be grown. Sweet clover seems to be the best deep 
rooting legume for this section. It will grow on soils 
very deficient in organic matter, where only two to three 
tons of limestone have been applied. When the legume 
is plowed under the much needed organic matter is sup- 
plied, and being a legume some forty pounds of nitrogen 
or more per ton of legume has been added to the soil, 
and which the legume has taken from the air. In this 
way the very high priced element, nitrogen, which we 
find in complete commercial fertilizers, may be secured 
in the most economic and simple way. Again, because 
of this very deep rooting legume, permeating the subsoil 
some two to five feet, and sometimes deeper, much phos- 
phorus is brought from the deeper areas of the subsur- 
face and the subsoil where the roots of the more shallow 
feeding crops can not permeate. It is in this way that 
the surface soil is practically maintained in its phos- 
phorus supply. It has been found by experiments that 
by the use of this deep rooting legume that the addition 
of raw rock phosphate to supply the element phosphorus 
could be delayed for several years. But when the phos- 
phorus supply gets low enough as indicated by the crop 
growth, the element in its most economic form, that of 
raw rock, should be applied with some form of organic 
matter and turned under. Here again the complete com- 
mercial form may not be used because of its almost pro- 
hibitive price. 

Here the essentials of a permanent soil fertility are 
to be illustrated. Limestone, nitrogen through organic 
matter by the growth of legumes, and phosphorus in the 
form of raw rock phosphate, all of which in their cheap- 
est possible forms. Data serve to prove that where 
these three are added on the Lower Illinois glaciation 


that the yield of our common farm crops are practically 
doubled. 
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The teacher of soils must clearly demonstrate these 
principles through the business methods of farming. 
The farmer knows well the principle of paying back 
what he borrows, but he has not and is not playing fair 
with his soil. It is impossible to have a greater crop 
yield than our limiting food element for that respective 
crop. In past years these elements have not been re- 
placed in such proportions as they have been removed. 
Business principles tell us that if we are to continue our 
crop yields even at the present time we must return to 
the soil these limiting elements. An increasing crop 
yield means a better balancing of the elements of plant 
foods. Chemical analysis alone is not sufficient to re- 
veal the limiting elements, for both the available and the 
non-available foods for plants are shown. At times 
chemical analysis shows a sufficient quantity of the limit- 
ing element present. In such cases a better physical 
condition of the soil is necessary that the tightly secured 
foods may become available for crops. 

To show this availability, and also the results of a 
better physical condition of the soil, cultural methods 
should be used. It may be impossible for some teachers 
to have regular field plots, but suitable containers of any 
kind may be used, such as flower pots, jars, buckets, ete. 
Such containers should be of uniform size. Perhaps the 
most satisfactory container is a cylinder, made from gal- 
vanizing, 18 inches high and about 2834 inches in di- 
ameter. This cylinder may be placed in the ground, 
leaving about two to three inches above the surface. The 
surface of this cylinder will be near one-ten thousandth 
of an acre. The same soil type may be used, or the dirt 
removed to the depth of the cylinder and entirely new 
soil from another type or section be added, and the same 
results obtained, provided the subsoil conditions are the 
same. As many of the cylinders may be used as the 
teacher’s project justifies. Ten will be ample to illus- 
trate the principles of a permanent fertility with lime- 
stone, nitrogen and legumes, and raw rock phosphate. 
Many physical properties of the soil, crop rotations, 
legume inoculation, and many other facts may be shown. 
This may be done the same as in actual field operations. 
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Relative application of the limiting factors may be made, 
results observed and accounted for, just the same as in 
field practices. The teacher’s laboratory lies in and 
around such a project. Without such a demonstration 
much of our teaching is labeled as theory. The use of 
such a method will solve many of our problems in the 
business and scientific practices of farming. 
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LIFE HISTORY STUDIES OF THE PEACH BORER 
IN SOUTHERN ILLINOIS. 


S. C. Cuanpter, Stare Narurat History Survey 
Division. 


Recent development in control measures for the Peach 
Borer is calling for more careful studies of the life his- 
tory of this insect. Most Illinois peach growers have 
given up the worming-out method of destroying the 
borers, and are using the chemical, paradichlorobenzene, 
for this purpose. This material is most effective ap- 
plied in the fall when the soil temperature is 60° F., or 
above. If applied too early the late hatching worms will 
escape the treatment. If applied too late volatilization 
will not take place with sufficient rapidity. A series of 
tests has been conducted to determine the latest dates 
on which the material should be applied, but the question 
of earliest effective dates has not been settled. This 
would necessitate a record of the emergence of the moths, 
with a knowledge of the length of the hatching period of 
the eggs. These studies were carried on during the 
season of 1924 and 1925 at Carbondale. 

The method of procedure was as follows: The emerg- 
ing moths were trapped in cages coustructed at the bases 
of peach trees which showed the presence of borers by 
exuding gum and frass. Each cage was made of screen 
wire cut in such a shape that when placed around the 
base of the tree it would form a cone about a foot in 
height and 21% feet in diameter. The collar was made 
tight by first placing a band of cotton around the tree 
where the top of the cage would come, and then fasten- 
ing the cage as tightly as possible around the cotton 
band. The base was sunk in the ground about two 
inches. The accompanying photograph shows some of 
these details. 

The cages were placed around the trees in June and 
observations begun by the first of July. They were 
examined every two or three days until October. Moths 
were removed and the number recorded. Twenty cages 
were used each of the two years, 1924 and 1925. They 
were located in different orchards each year. 
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The accompanying grafs show the emergence of the 
moths. The light emergence during 1924 can be largely 
accounted for by the selection of an orchard in which the 
trees did not contain a sufficient number of worms. It 
was during this first season also that a discovery was 
made which had some bearing on the total number re- 
corded. It was found that if observations were made 
at intervals of even as short as two days, many of the 
moths, weakened by fluttering against the screen, would 
drop and be eaten, or carried away by ants or other pre- 
dacious insects. It was decided for this reason to count 
each empty pupal case as representing an emerged moth. 

In these charts the emergence is recorded by weeks 
It will be noted that in 1924 the first emergence was in 
the week ending July 19, and in 1925, July 4. The last 
emergence was in the week ending September 27 in 1924, 
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and in 1925, it was the week ending September 12. Thus 
the entire period was two weeks earlier the second year 
than it was the first. The peak occurred September 6 
the first season, and August 29 the second. 

There appears to be some correlation between temper- 
ature and emergence. The variations in temperature 
have an immediate effect upon the pupa, but as the pupal 
period is at its shortest of considerable duration (at 
least two weeks), it does not show in the emergence until 
later. The charts show that each rise in temperature is 
followed about two weeks later by an. increase in the 
number of moths emerging, and each drop in temper- 
ature by a corresponding decrease in emergence. 

The immediate practical value of these studies to the 
peach grower lies in the information as to the best time 

PEACH BORER. 
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Mean ekly Temperatures 
78 


1 Moth Emergence by weeks 
8 











Week: " s / a2 24 5 B q pa’ 3 je 
+4 ih a 8 J deptenver 


Oct. 





194 ILLINOIS STATE ACADEMY OF SCIENCE 


for treating for borers in his trees. The ides] tine for 
this operation is the earlest date in the fall when all the 
worms have hatched. The length of the hatching period 
has been found to vary with the temperature, but studies 
in New Jersey have shown that with the cool nights of 
September and October, fifteen days are required for in- 
cubation. This means that during the past season which 
had been abnormally hot until the middle of September, 
the last eggs had hatched by September 26, and that in 
1924, a cooler summer, eggs were not all hatched until 
October 11. Some observations had been made in 1923 
tending to corroborate these conclusions. Peach trees 
that year were treated with paradichlorobenzene August 
18, September 1, September 15, October 1, and October 
13. Some of the trees treated on the first and third 
dates mentioned were found to contain borers above, or 
just in the mounds of earth made to cover the chemical, 
while none of the trees in the later treatments showed 
any such evidences. This work will be continued in 
1926, in order to secure an additional season’s record. 
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SOME NEW INSECT GALLS. 
Cart F. Groneman, Every. 


The student of insect galls has scarcely begun to 
scratch the surface in the study of these curious and in- 
teresting plant deformations. 


Although much is known about them the study of them 
is still in its infancy and constantly new forms present 
themselves to the diligent searcher for these biological 
puzzles. 


In the effort to enlarge my collection of insect galls 
which consists principally of specimens found in the 
vicinity of Elgin, Ill. I, too, have had the happy experi- 
ence of finding forms which I believe are new to science. 

All available literature on the subject of insect galls 
was carefully searched for descriptive matter likely to 
correspond with the new specimens at hand. 


This proved futile and therefore I take the liberty to 
pronounce them new and present their descriptions here- 
with. 

Fig. 1 


This small, monothalamous, thin walled gall occurs on the young 
acorn cups of Quercus coccinea. Point of attachment between scales. 
Never more than one gall on each cup. Galls striated longitudenally. 
Drop to the ground in Oct. Found Oct. 1, 1922. 

Length—4 mm. 

Diameter—about 3 mm. 

Color—reddish brown. 

Cynipid. 

A brownish fluid, turning black, exudes at point of attachment 
and from injured galls. Exudation often copious, staining leaves be- 
low. 

Found the following insects feeding on this slightly saccharine 
fluid: 

Ants—Camponotus pennsylvanicus. 

Prenolepis imparis. 

Beetles—Euphoria inda. 

Adalia bipunctata. 

Wasp—Vespa communis. 

A. Normal young acorns. 

B.C. Young acorns with galls. 

D. Gall injured by beetle. 

E. Enlarged section of gall. 


Fig. 2. 


This sub-globular, monothalamous gall, variable in size from 3 to 
8 mm. in diameter, occurs on the stem of Bidens frondosa at node and 
internode. Found Aug. 16, 1925. 

Color—green. 

Itonid. 
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Fig. 3, A. 

This nearly cylindrical or flask-shaped gall is found singly or in 
rows of two or more on the midrib of the lead-plant Amorpha cane- 
scens. Length 8 mm. Diameter at base 3 mm. Found Aug. 15, 1925. 

Color—same as leaflets, turning brown. 

Opening at top. Inside of neck not hairy like the following. 

Itonid. 

Fig. 3, B. 

This gall occurs on the underside of the leaflets of Amorpha cane- 
scens, mostly near the top of the plant. Found Aug. 15, 1925. 

Length—3 mm. 

Diameter—2.5 mm. 

Color—pale greenish-yellow and red. 

Inside of neck very pubescent. 

Itonid. 

Fig. 4. 

This gall occurs at the leaf axil of Cinquefoil, Potentilla canaden- 

Found Nov. 15, 1925. 

Length—6 mm. 

Diameter—3 mm. 

Color—red. 

Slightly pubescent. 

Itonid. CarRL F. GRONEMANN, Elgin, II. 
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COLLECTING WATER MITES IN CUBA. 
Ruth Marsnati, Rocxrorp CoLiecer. 


In the spring of 1924 the author spent a week in Cuba; 
one of the purposes of the visit was to secure if possible 
collections of water mites. All of the time was spent in 
Havana, with some short trips into the surrounding 
country. A few attempts to find likely collecting 
grounds in the suburbs of Havana proved fruitless, ig- 
norance of the geography, the languages and the customs 
proving insurmountable difficulties in the short time 
available. Then a visit was made to the University of 
Havana and here the author found a most courteous 
welcome and very generous help. Dr. Carlos de la Torre, 
professor of Zoology, very kindly offered his assistance ; 
as a result, it was possible to visit several places in the 
vicinity of the city, and a small amount of material was 
finally secured. 

The time of year, early April, was not favorable for 
collecting, as this is the end of the dry season. More- 
over, the mosquito campaign of the last years has re- 
sulted in the draining of many small ponds and pools 
where the water mites might be looked for. Several 
sloughs were visited which yielded nothing. But two 
places were found which gave them in some abundance. 
One of these places was a small artificial lake supporting - 
much plant life in Floral Park, Marianao, about eight 
miles west of Havana; the other was the weedy border 
of the Almendares River, at Vento, some ten miles south- 
east of Havana, near the city reservoir. Only a short 
time for collecting was possible, but both places proved 
to be rich collecting ground. 


With the Birge collecting net, over sixty individuals 
were secured in the two places. The material was pre- 
served and has since been carefully studied. It is be- 
lieved that this is the first published account of the hy- 
dracarina of Cuba. Any material even though meager, 
contributes to the comparison of the fauna of Cuba and 
the southern states. 
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DESCRIPTION OF THE SPECIES, 


Six genera and as many species were found repre- 
sented in the material so secured, three of which are new. 
A list of the species follows, with a brief description of 
the new species. A more detailed account of the latter, 
with figures, will appear in a later publication. 

Limnesia histrionica (Herm.) was found both in Floral 
Park and at Vento. Seventeen individuals, males, fe- 
males and nymphs, were secured. One of the females 
was very young but had eggs. This species is a very 
large one and cosmopolitan. 

Neumania tenwipalpis Mar. was found, one female, at 
Vento. This species appears to be fairly common in the 
United States. 

Diplodontus americanus Mar. comprised the majority 
of individuals in the entire collection, forty-eight indi- 
viduals being secured at Vento, both adults and nymphs. 
It is 4 common and very abundant species in the States. 

Arrhenurus habanicus, nov. spec., was represented by 
two individuals only, both females. The body is oval, 
measuring 0.8 mm., and has a large enclosed dorsal area. 
The palpi are unusual, the second joint bearing a tuft 
of long curved blade-like bristles. 

Piona marianaensis nov. spec., was represented by two 
males found in Floral Park. The ventral plates cover a 
large part of the surface, the last two epimera being very 
narrow. The genital area abuts closely upon the epi- 
mera and bears a few faintly outlined acetabula near the 
posterior border. The fourth leg is not highly devel- 
oped. The palpi are stout, with a large hair papilla on 
the fourth segment. 

Xystonotus torrei nov. spec., was found in Floral Park 
to the number of fourteen individuals, ten of which were 
males. The author takes pleasure in dedicating this 
new and very interesting species to Dr. Torre. The body 
of the new mite is circular in outline and deep blue in 
color, measuring 0.6 mm. in the male and 0.75 mm. in 
the female. The enclosed dorsal area is large and cireu- 
lar; in the male it is extended posteriorly in to a short 
truncated peg which projects slightly beyond the body 
edge. The epimera are united, the posterior borders of 
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the last pair partly fused with the body covering. The 
genital areas of each side, oval in the male, circular in 
the female, bear three acetabula on each plate. Palpi 
and capitulum are very small. The fourth leg in the 
male is conspicuously modified, the fifth segment being 
large and curved, while the fourth is very short and 
bears a tuft of hairs. 
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SURVEY OF TREES AND SHRUBS OF MORGAN 
COUNTY. 


IsaBeL §. SmiruH, Ross M. Beroman anp Gienna V. 
Soir, Iuurois CoLuece, J AcKSONVILLE. 


INTRODUCTION, 


Since 1922, a few students under the direction of Dr. 
Isabel Seymour Smith of Illinois College, Jacksonville, 
Illinois, have been working on a survey of the trees of 
Morgan county. Careful work on the subject was begun 
by Mr. Glenn Riley during the college year 1921-1922. 
Mr. Riley left considerable data which he has kindly 
passed on to Miss Glenna V. Smith of the class of 1925 
and to myself. We have repeated Mr. Riley’s work and 
have gone to different locations in some cases. Typical 
wooded areas of the county were selected in order that 
characteristic trees of the county would be included. 

The soil is largely humus, providing little chance for 
variety in trees. Near the Illinois River there is much 
sandy soil—former river beds. 

In addition to studying the location and classification 
of the different trees other things of interest were noted 
and these will be brought out in the discussion. 


“MEREDOSIA ISLAND. 


This piece of land in the Illinois River appears to be 
an island, but in reality it is a peninsula. It is a typical 
flood plain. The southern part of the island was low and 
due to heavy rains was partially covered with water. At 
the time of our first trip, October 11, 1924, the greater 
part of the island was submerged. On a point of sand, 
covered by water, were found the sand bar willow and 
the shining willow. This represented the primitive suc- 
cession. Near the short there was a dense thicket of 
buckthorn and an occasional river birch. The red maple, 
slippery elm, cottonwood, honey locust, sycamore, with 
an occasional silver maple formed the climax forests of 
the bottoms. Latest of the succession and on the high- 
est point of the island was an abundance of pecan trees 
and a few white oaks. Besides these there were occa- 
sional mulberries, persimmons, and white ashes. Both 
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elms and silver maples appeared showing telescoping of 
succession. 

Years ago the water plants in the ponds of the Illinois 
River basin were varied and abundant. Now they have 
almost entirely disappeared because of the draining of 
the ponds in the reclaiming of the land. 


SAND RIDGE WOODS. 

Kast of the Illinois river and about one-half mile from 
the shore was another native woods. The soil was very 
sandy and was mixed with a little humus, indicating that 
this region had at one time been the river bed. In the 
open were found the prickly pear, the sand bur, the 
earth star, and other sand vegetation. The woods itself 
was a typical oak-hickory forest. On the outskirts were 
many black jack oaks. These represented the most prim- 
itive succession. The remainder of the forest, the climax 
forest, was made up almost entirely of hickories and 
oaks. These consisted of:mockernut hickory, kingnut 
hickory, shagbark hickory, red oak, and black oak. As- 
sociated with these were the American elm, slippery 
- elm, basswood, black. walnut, honey locust, and hack- 
berry. The red osier dogwood and elderberry were also 
found frequently. 

A very interesting feature of these woods was that 
the Indian pipe (monotropa uniflora) and amnita verna 
were found. 

ROWE’S WOODS. 

The trip to Rowe’s Woods was made on October 24, 
1924. This is a tract of twenty acres about three-fourths 
of a mile north of Jacksonville, Illinois. A valley ex- 
tends through the woods. A little stream, a branch of 
Mauvaisterre Creek, flows through the valley. On the 
north side of the woods is a low, marshy, tract which 
appears to be an old creek bed. In studying the trees 
we found four environments; those on the high, level 
land, on the slopes, in the valley and in the swamp. 

The most abundant trees in the woods were the Ameri- 
ean elm, slippery elm, black oak, bur oak, red oak, black 
walnut, and hackberry. 
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The trees found on the high, level land were the Ameri- 
can elm, slippery elm, black oak, black walnut, red oak, 
hackberry and wild black cherry. On the slopes were 
the white basswood, American elm, slippery elm, white 
oak, hard maple, black oak, shagbark hickory, red oak, 
black walnut, wild black cherry, bitternut hickory, and 
swamp white oak. Those found in the flood plain were 
American elm, slippery elm, shingle oak, hard maple, 
black oak, red oak, mockernut hickory, bur oak, shag- 
bark hickory, white oak, basswood, sassafras, box elder, 
and black walnut. The shrub, prickly ash, was also abun- 
dant. In the marshy district were the silver maple, 
American elm, slippery elm, sycamore, red haw, hack- 
berry, box elder, mockernut hickory, papaw, black wal- 
nut, and bur oak. 

This woods is one of the finest examples of early 
spring flora, since the owner has never used it for graz- 
ing purposes. 

MARKHAM WOODS. 

This woods is along Mauvaisterre Creek about one- 
half mile north of Markham, Illinois, It extends along . 
the bank and up over a steep, rather sandy bluff. Thus 
we have the flood environment near the dry bluff en- 
vironment. Trips were made to this woods on November 
7, 1924, and on May 8, 1925, so that a thorough survey 
was made. 

The trees may be studied as to succession by starting 
with those on the edge of the creek and going to the top 
of the bluff. 

Beginning at the edge of the creek were black willows, 
many of which were twenty to twenty-five feet in height. 
Next to the willows were the silver maples, closely fol- 
lowed by an abundance of white ash, cottonwood, syca- 
more, and box elder. At the edge of the bluff were hack- 
berry, slippery elm, (American elm, and honey locust. 
Continuing up the bluff were the trees and shrubs ac- 
customed to drier environment. These consisted of the 
redbud, red haw, white oak, white basswood, red osier, 
dogwood, crataegus crus galli, wild black cherry, bur oak, 
bitternut hickory, persimmon, red mulberry, black haw, 
and butter nut. Near the top of the bluff and extending 
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up on the level were the yellow chestnut oak, shingle oak, 
red oak, ‘slippery elm, American elm, and crab apple. 


ASBURY WOODS, 

This woods, occupying an area of about ten acres, is 
four miles south of Jacksonville. The land was rather 
rolling but no streams were flowing through it. 

An abundance of oaks and elms was the prominent 
feature of the woods. The shingle oak was the most 
numerous with a great number of American and slippery 
elms. Then came the honey locust, hackberry, wild black 
cherry, sassafras, basswood, and white basswood. As- 
sociated with these and fewer in number were the red 
haw, black haw, prickly ash, crataegus crus galli, and 
red stemmed dogwood. 

Apparently some trees had been removed since the 
woods was not dense but there were no indications to 
show that it had been done lately. 


ARNOLD WOODS. 

The trip to this woods was made on October 25, 1924. 
The woods, one-half mile east of Arnold, Illinois on the 
state road, is divided. by the viaduct of the Wabash rail- 
way. A small stream flows through the center of the 
tract. Nearest the stream and most primitive in the 
succession were the shining and black willows. Next 
came the hack berry, slippery elm, box elder, American 
elm, and basswood. Then extending up the small slope 
were the black walnut, white ash, red haw, wild black 
cherry, cottonwood, black locust, and white basswood. 

On the opposite or south side of the road and on 
higher, better drained land was a tw acre grove of honey 
locust. These trees were growing very close together, 
tall and straight. The prickly ash was found occasion- 
ally in this grove. 

In the fall this woods is gorgeous, since many of the 
trees are covered with shrubby bittersweet (celastrus 
scandens). 

GRAVEL SPRINGS WOODS, 


This is a large and interesting woods along Mauvais- 
terre Creek about five miles north-west of Jacksonville, 
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Illinois. The land is cut up by deep ravines from which 
gush natural springs of excellent water sold commer- 
cially as Gravel Springs Water. Years ago some slopes 
in this wood were literally covered by the maiden hair 
fern. Now very few specimens remain. When the trip 
was made to this woods, Marchantia polymorpha and 
Ricciocarpus revoluta were found on the flood plain. 

Since I have no slide of this woods, the names of the 
trees for each part will be given with special emphasis 
on those found only in this woods. 

On the flood plain were found the white willow, cot- 
tonwood, butternut, white oak, slippery elm, hackberry, 
red mulberry, silver maple, and red maple. 

On the slopes were the pignut hickory, American ‘hop 
hornbeam, water beech, shingle oak, slippery elm, Amer- 
ican elm, hackberry, and red mulberry. 

On the high level land were the black walnut, shag- 
bark hickory, kingnut hickory, white oak, red oak, black 
oak, American elm, wild apple, honey locust, bladdernut, 
Amelanchier virginica, red haw, wild black cherry, silver 
maple, sweet buckeye, basswood, white ash, and green 
ash. 

The trees characteristic to this woods only were the 
white willow, (Salix fragilis), American hop hornbeam 
(Ostrya virginiana), water beech, (Carpinus carolin- 
iana), wild apple (Pyrus angustifolia), bladdernut (Sta- 
phylea trifolia), Amelanchier canadensis, and the green 
ash (Fraxinus pennsylvanica var. lanceolata). 


CONCLUSION. 

There were forty-five different species of trees and 
fourteen different species of shrubs found. The forma- 
tions were chiefly flood plain together with the slopes and 
level land. The forests were chiefly oak-hickory with an 
abundance of elms. On the sand near the Illinois River 
we have conditions very similar to dune conditions, 
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SPOTTING GUM. 
R. E. Doourrrte, Townsaie Hien Scuoor, Harrissvre. 


In discussing Spotting Gum, a follow-up method will 
be used. First, its value as a marker for the valve-stem 
hole will be discussed. For this reason, more than any 
other, was time, money, and effort expended in produc- 
ing something that would lessen the ever increasing num- 
ber of ‘‘Seconds”’ as a result of off-center valve stems. 

Spotting Gum was developed to answer the above 
question as to the reduction of this number of ‘‘Sec- 
onds’’, which would otherwise be rated as first class 
merchandise. The answer was neither solved by the 
Planning Department, nor by the Production Depart- 
ment. Nor was it answered by any other body of men 
outside of one and probably the smallest department in 
the entire Company’s organization, the Chemical Lab- 
oratories. The title herein stated is rather figurative, 
because most of the laboratories in the large rubber 
industries are far too small to handle the work placed 
upon them for solving analytical questions pertaining to 
the various kinds of raw materials that are used in the 
construction of rubber goods. In the chemical labor- 
atories it was readily found that methylene blue would 
produce a spot from a very small quantity of dye, if 
properly applied, and this led to the development of an 
apparatus for the necessary application. In working 
out the details of this matter it was found through ex- 
erimentation that the use of methylene blue was very 
expensive, and also that it called for the spot to be ap- 
plied directly to the top plate of the valve base which is 
made of the same material as the rest of the tube. This 
particular section, being made of the same stock as the 
tube could be reclaimed, if it was not used, but with this 
spot on it, it has to be thrown in the scrap. In order to 
surmount this costly obstacle, a stronger dye was sought 
for and one that was cheaper, if it could be had, that 
would meet the requirements expected of it. The results 
of the experiments reveal that a red rubber dye num- 
ber 1, made by the Federal Color Laboratories was used 
to meet this requirement. In the use of this dye the ap- 
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parent loss of the top plate was recovered, because this 
plate was no longer used to carry the spot, and therefore 
could be reealendered and reclaimed. In changing from 
methylene blue to red rubber dye Number 1, it was 
learned that the dye gave very satisfactory results from 
another layer in the base. The application of this ma- 
terial to the second layer of the base, can only be made 


possible by the material of the dye being in the proper 
chemical state. 


In making the gum the chemical properties are so pro- 
portioned that they give a very peculiar reaction. The 
pale, crepe, raw rubber is used, after it has been thor- 
oughly washed and freed from all foreign bodies; then 
thirty-two ounces are milled together with sixteen ounces 
of sulphur and one ounce of paraffine. This process is 
carried out until all of the various ingredients have been 
thoroughly mixed and the pale crepe has been sufficient- 
ly broken down to admit its molecules to associate with 
those of the paraffine and sulphur. After the comple- 
tion of the milling process, the compound is then trans- 
ferred to a masticator, where it is dissolved in benzol. 
During this operation, sixteen ounces of dye are added, 
after sixteen ounces of it have been thoroughly dissolved 
in benzol. This is allowed to mix and then six ounces 
of glue are added, dissolved in two hundred fifty cubic 
centimeters of water. The compound is then churned 
until the proper consistency is reached by the evapora- 
tion of the benzol. In discussing the relationship of 
the ingredients, it will be clearly pointed out that each 
of them have-a particular function to perform in the 
action of the compound upon the finished product. The 
sulphur and paraffine add to the curing qualities of the 
pale crepe; while the dye is used, as you will soon see, 
for coloring, while the glue has another very important 
part to play in making the compound have what is known 
as a short consistency, rather than that of a stringy na- 
ture. 


Having the material thoroughly mixed and of the right 
consistency, its next application is to the actual portion 
of the valve-base. This is done in the following man- 
ner: The valve-base is made up of three separate lay- 
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ers. Each of these layers is of a different size and care- 
fully laid out, the bottom layer being the smallest, while 
the rest range upward to the largest section which is the 
cap. The cap is made of the same material as the tube, 
while the two other layers are made of frictioned fab- 
ric. This is fabric treated with two coats of rubber sent 
through a machine known as a ‘‘Calender,’’ a machine 
consisting of three large rolls, one on top of the other. 
Between the top and second rolls there is a milling proc- 
ess carried out. The frictioning rubber is milled here, 
and, during this operation, the second roll carries a com- 
plete layer of rubber covering it entirely. The fabric 
is now brought between the second and the third roll. 
In this operation the fabric is given one coat of rubber. 
This operation is repeated by sending the fabric through 
upside down, that is, placing the rubber-coated side next 
to the third roll. Upon the completion of this operation 
the frictioned fabric is sent to the cutting room. In the 
cutting of these sections for the construction of the 
valve-base power driven punch presses are used. These 
presses are equipped with dyes of accurate size; cutting 
each section to its proper dimensions. These presses 
are so arranged that the material is unwound from one 
spool, and, as it passes through the press, wound upon 
another, each one operated by mechanical forces in con- 
nection with the punch press. These spools mentioned 
here are filled as the Fabric is frictioned from the ‘‘Cal- 
ender.’’ As this material passes through the press, 
each of these sections is cut to its proper size. These 
sections as they are cut do not fall from the strip be- 
cause of the adhesive properties of the rubber. In the 
cutting of these sections we see the direct application of 
‘‘Spotting Gum.’’ In the cutting of the central section 
this dye has been accurately laid off in such a way that 
there is a nozzle protruding through it directly in the 
center. This nozzle is adjustable according to the dis- 
tance between it and the fabric. This adjustment is so 
made that the space between them is just large enough 
for the spotting gum to come in contact with the fabric. 
As a result there is left a spot about one-quarter of an 
inch in diameter. In placing the spot it can be clearly 
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seen that the substance wants to have a short rather than 
a stringy consistency. This spot will now be followed 
to the next operation, that of building the valve-base it- 
self; but before we leave this particular punch press, 
you will notice that it has a particular attachment made 
for it different from the rest. This attachment is the 
means by which the gum is forced through the nozzle in 
the center of the dye. The pressure gun is so operated 
that the force which causes the gum to come through the 
nozzle is kept constant. It was first worked by the oper- 
ator of the machine, but it was soon found that it was 
impossible for human hands to maintain a steady grip 
for any period of time, so mechanical means was re- 
sorted to. In answering the situation a ratchet arm and 
gear were fastened to the pressure arm, and this was 
regulated in such a manner that each time the hammer 
fell in the punch press an additional pressure was ap- 
plied to the gum in the gun. The solving of this prob- 
lem was a greater step forward than had thus far been 
acquired. 

In bringing the above mentioned steps up to the next 
operation we will interest ourselves in the construction 
of the valve-base. The sections, as they have been pre- 
viously cut out, are now ready for use. We will see how 
they are applied in making the valve-base. First, in the 
construction it will be noticed that the various sections 
are applied as follows. The small section is first; then 
the next section, larger is size, is assembled with the 
smaller section in the center of the larger one. These 
two sections are both made of the fabric already men- 
tioned. The last section to be applied is the cap, which 
is made of the same material used in the body of the 
tube. Most of this sort of work is done by girls who 
work on a piece rate scale. They work at a rapid rate 
of speed, because three girls can build enough valve- 
bases in a day to keep the plant production up to five 
or six thousand tubes per day. After the base is com- 
plete, it is placed in cases where each layer is separated 
by a cloth, giving the case a book-like appearance. These 
cases are then taken to the Tube Rolling Room where 
the last step in the working with raw materials takes 
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place. In this room there are long machines known as 
lathes which are used to wrap tape from one pole on to 
another. In describing the various operations taking 
place here we must start with the receiving of the raw 
materials. The tube stock comes into this department 
in long cases made somewhat like those used to hold the 
valve-bases. These cases are placed on a long, low, table 
and, as the protecting clothlayer is pulled back, a long 
hollow steel pole is laid at the outer edge of the tube 
stock. These poles are from eight to ten feet in length. 
The valve-base is taken from the case and is placed about 
thirty inches from the left end. As soon as this base 
has been placed in its proper position, the stock is then 
rolled around the pole. In this operation it will be 
noticed that the valve-base is on the inside next to the 
pole. It then goes to the lathes where three inch tape 
is wrapped on it, while this same tape is being un- 
wrapped from another pole. Thus you see the opera- 
tion answers two purposes. The tube is now ready for 
curing. These machines are large iron cylinders, incased 
in asbestos, with huge doors which bolt into place. The 
tubes are placed on a steel truck, and when its load of 
twenty-five is complete, it is rolled into this huge iron 
cylinder. The door is bolted into place and the steam 
pressure applied. For twenty-two minutes these tubes 
remain in this cylinder, under a live steam pressure of 
sixty pounds. The cure finished, the tube goes back to 
the lathes where it is unwrapped. Moving it along in an 
efficient manner, the next step will be to remove it from 
the pole. This process is carried out by the use of a 
suction-force machine. It consists of a hollow jacket 
just large enough to allow a certain sized tube-pole to 
be placed in it. The outer edge of this jacket tapers 
down to a pretty fine edge. As the pole is forced 
through the hollow opening, the edge of the tube is 
peeled back over the edge of the jacket. The air is 
turned on, forming a suction to hold the tube in place on 
the jacket while at the same time a force of air is applied 
against the turned portion of the tube, forcing it and the 
pole away from the machine. In this operation the tube 
is turned right side out. 
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The next operation is that of punching the valve-stem 
hole through which the stem is to be placed. Here is 
where the real need of spotting gum falls. It was neces- 
sary to locate this hole accurately. This spot shows very 
definitely where the center of the valve-base lies. The 
development of this material in approximately six 
months paid for the time and money expended for its 
perfection. It can clearly be seen that off-center valve- 
stems were completely eliminated. 
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A DIAZO COMPOUND DERIVED FROM CAMPHOR 
WITH A VERY HIGH OPTICAL ROTATION.* 


W. A. Noyes ann F’. E. Kenpaux, University or Iniiors. 


Two formulas have been proposed as representing 
the structure of aliphatic diazo compounds. The form- 
ula 

R\, /N 
C | 
R/ \N 


proposed by Curtius, the discoverer of this class of com- 
pounds, was accepted as correct for about twenty years 
until, in 1907, Angeli suggested that the structure might 
be 


R\ 
C=N=N. 


R/ 


The usual method of preparation of diazo esters by the 
treatment of a-amino esters with nitrous acid suggested 
that the two nitrogen atoms might be expected to he dif- 
ferent, one of them coming from the amino ester, a de- 
rivative of ammonia, in which nitrogen is negative, be- 
ing combined with three positive hydrogens, and the 
other nitrogen coming from nitrous acid in which it has 
a valence of plus three. Thus the diazo ester might be 
written 
R____C—COOC,H, 


+++ N=—N aco 


Such a compound could exist in two optically active 
forms which would differ only in the charges upon the 
two nitrogen atoms. Recent evidence based upon the 
reactions of these compounds makes it probable that 
the Angeli-Thiele formula is correct. In this formula 
one of the nitrogens has a valence of five. If it can be 
considered analogous to the nitrogen in ammonium salts 


* Published in Journ. Amer. Chem. Soc. 58, 2404 (1926). 
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in which nitrogen has a valence of five, four of the bonds 
differ from the fifth one. Four of the bonds are shared 
electrons while the fifth is a polar bond. Two possible 
structures exist with such valencies. The first one has 
been proposed by Langmuir who writes it in this way: 


RK, + — 
C=N=N 
RS 


with a polar bond between the nitrogen atoms. If this 
structure is correct, such a compound cannot exist in 
optically active forms. The other formula 


R\— + 
C—N=N 
RZ 


does permit the existence of optically active forms if 
the electrons represented by the negative charge upon 
the carbon are fixed upon one of the corners of the car- 
bond tetrahedron. 


Evidence is furnished by the reactions of diazo com- 
pounds that they actually exist in these two forms in 
equilibrium with each other. However under certain 
conditions of structure the second form may be the stable 
form and exist in optically active forms. Noyes and 
Chiles report six different diazo esters having specific 
rotations varying from —2° to +2° for different com- 
pounds. Levene and Mikeska have confirmed these re- 
sults in part. However, all the compounds investigated 
were oils difficult to purify without decomposition and 
the results were widely questioned on the ground that the 
rotations obtained were possibly due to some impurity in 
the diazo ester. For that reason this work was under- 
taken with the hope of obtaining a crystalline diazo com- 
pound. 


Previous work of W. A. Noyes with Coss and Ross has 
indicated that the nitroso derivative of the anhydride 
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of aminocamphonanic acid gives a diazo compound when 
treated with alkali— 

















CH, 
CH, é C=O 
cH,—t_cu, + CH,ONa > 
bu, be No 
CH, O 
| « 
CH, C CO,CH, 
CH,—C—CH, “ 
éy,—_¢H_N=N—ONa 
CH, O 
CH, d CO,CH, 
cH,—¢—cH, +NaOH 
dy, _—.C-Neen 





Work was continued upon this compound. By treat- 
ing a solution of the nitroso anyhydride dissolved 
in dry ether with about 4% of a mole of sodium 
methylate in methyl alcohol at a temperature of —20° C 
a deep red solution of the diazo compound, showing a 
blue fluorescence in certain light was obtained. This so- 
lution was washed with ice-water to remove sodium hy- 
droxide and methyl alcohol which seem to catalyze the 
decomposition of the diazo compound, and then cooled 
to —80° in a mixture of carbon dioxide snow and ether 
to freeze out the water. Usual methods of drying solu- 
tions with anhydrous CaCl, and Na,SO, cause a rapid de- 
composition of this diazo compound. The solution was 
then filtered without exposure to moist air and concen- 
trated to a small volume by drawing a current of dry, 
carbon dioxide-free air through the solution under di- 
minished pressure. Upon cooling again to —80° the 
diazo compound crystallizes out in large, rouge-colored, 
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hexagonal needles. The crystals melt sharply at 30° 
if they are very rapidly heated to that temperature, but 
if they are allowed to warm up slowly to room tempera- 
ture, they commence to melt with decomposition at about 
10°. In this spontaneous decomposition two molecules 
of the diazo compound react almost quantitatively to 
form a bis-hydrazone or ketazine— 


R\ R\, 7R 
2 —=N=N =N—N=C +N, 
R/ R/ \R 


If the compound is treated with an acid, even with one 
as weak as carbonic acid—all of the nitrogen is split out 
and a complex mixture of unsaturated and hyroxy est- 
ers is obtained. This behavior furnishes an easy method 
for the analysis of the compound for nitrogen. A known 
amount of the compound is placed in a bulb connected 
with a gas burette, a few drops of dilute sulfuric acid 
are added, and the nitrogen evolved is measured. 

The rotation of the compound in ether solution was 
measured and the specific rotation for the sodium line 
found to be +410°. This exceedingly high value did not 
necessarily show that the rotation was due to asym- 
metry of the diazo group; because the compound con- 
tains a second optically active carbon atom. 





CH, 
CH, *b_coocH, 
é cu,—c_cH, 
ae ae 


But, as no other compound in this series shows a spe- 
cific rotation higher than 80°, it was felt that this high 
rotation indicated optical activity due to the diazo group. 
In order to show whether this was true or not a diazo 
compound was prepared from trans-aminocamphonanic 
acid which differs from the cis-aminocamphonanic acid 
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used as starting point in the first synthesis, only in hav- 
ing the amino group on the opposite side of the ring— 








CH, CH, 
cH,_-_—-b-cooH Ci. coon 
cH,c_cH, | cH,—¢_cH 
éy,—___b_wn, eee ae 
i Mn, 


cis-aminocamphonanic acid —_ trans-aminocamphonanic acid 
If the high optical activity was due to the diazo group, 
this compound should give a correspondingly high nega- 
tive rotation. 

After much investigation to find a suitable method of 
preparation, the diazo compound was finally obtained 
by the action of sodium methylate upon the nitroso deriv- 
ative of symmetrical di-trans-amino methyl camphonan- 
ate urea. This diazo compound showed a specific rotation 
of +410°, identical to that of the compound for the cor- 
responding cis ester. 


In order to explain the high optical rotation of these 
compounds a series of readings of the rotation of the 
compounds using light of differing wave lengths was 
made. The relation between rotation and the wave 
length of light is given by Drude’s equation which holds 
for normal compounds— 


K 
[«] =—__ 
L?- L’, 


The term L. has the physical significance of represent- 
ing the position of an absorption band in the absorp- 
tion spectrum of the compound. If L approaches Lo 
then the rotation becomes very high. It has been 
suggested that the constant K furnishes a much 
more accurate measure of the rotatory power of a com- 
pound than does the rotation measured at a given wave 
length because it corresponds to a value so far over in 
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the infra red that an absorption band in visible or near 
ultra violet spectrum has very little effect. Specific ro- 
tations varying from +150° in the red to +1100° in the 
green, very near 0° in the blue and —400° in violet were 
obtained. The values obtained from the red to the green 
coincide very closely with values calculated from Drude’s 
equation. L., 5380 A, caleulated corresponds very close- 
ly with the position of an absorption band in the absorp- 
tion spectrum and the value for K, 26, represents a nor- 
mal value for similar compounds. 

This work shows then that the diazo compounds of 
this series do not exist in optically active forms and ex- 
plains the high observed rotation of the compounds as 
being due to measurement near the absorption band in 
the spectrum of the compound. 
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BAND SPECTRA AND THE STRUCTURE OF 
MOLECULES. 


Wiuum W. Watson, University or Curcaco, 


By the application of the quantum theory to the study 
of their characteristic band or fluted spectra, we have 
gleaned much valuable information as to the size, the 
stability, and the general behavior of certain diatomic 
molecules. According to our current ideas the molecule 
is considered to be a rotator, an approximately harmonic 
oscillator, and to have an electronic structure much the 
same as that of the atom. Both the rotational and vi- 
brational energy are quantized; that is, they exist only 
as integral or half-integral multiples of fixed minimum 
values. And according to the Bohr postulate, when the 
molecule changes from one stationary state to another, 
the difference between the values of the energy in the 
two states is either radiated or absorbed as the case may 
be. Space does not permit here a discussion of the 
details of this theory” and so we must content ourselves 
with a mere enumeration of the resulting formulas which 
contain the molecular constants in which we are inter- 
ested. Furthermore, we shall limit ourselves to elee- 
tronic band spectra, which lie in the visible and ultra 
violet regions. 

In the emission of the frequencies constituting the 
band systems in the visible region there is coupled with 
the radiated energy due to rotational and vibrational 
changes in the molecule that due to the falling in of a 
valence electron from an orbit of larger energy to one 
of smaller energy. The frequency v of any band line is 
then given by: 

(Change in rotational energy ) 
o MPV + Ya + (1) 
h 
where v. is the electronic part of the frequency, and va 
is that part of the frequency due to the change in the 








1The reader is referred for details to Chap. 9 of A. Sommerfeld’s 
“Atombau and Spektrallinien” (4th Edition) and to the Bulletin of 
the National Research Council on Band Spectra scheduled to 
soon. (1926.) 
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vibrational state of the molecule. The » is given by: 
Yn =’ Wo (1 — x’ n’) — nn” wy” (1 — x” nn”) (2) 


where the primes and double primes refer to the initial 
and final states of the molecule respectively. Here n is 
the vibrational quantum number, w. is the vibrational 
frequency for infinitessimal amplitude of the oscillator, 
and x is a small constant introduced because the binding 
is in reality anharmonic. According to Kramers and 
Pauli® the formula for the energy contribution due to 
molecular rotation or precession is 





F,, = Bm?+ Dm‘ +..—B(\Vj*—o?+e)?+D(Vj—o? te)*+..(3) 
where 


h 
B => ——— (h==Planck’s constant 
82’! (I=moment of inertia of molecule) 
m = nuclear angular momentum vector 
j =resultant “ Ks 


« =component of the vector electronic angular momentum 
along the figure axis of the molecule 

c= of the vector electronic angular momentum 
perpendicular to the figure axis (parallel 
to m) 


Changes in j are limited by the correspondence principle 
to changes +1, which give the P and R branches of the 
bands, and to O which gives the Q branches. We cannot 
find this rotational energy function directly from the 
band spectrum analysis, but only the values 


AF(j)=F =R(m)—Q(m-+1)..final state 
=R(m)—Q(m). .initial state, etc.* 
From equation (3) we see that 
Beo” 
AF(j)=2B(j+%te)+ SEE CEL (4) 
j(j+1) 
and finally, Kemble has shown™ that the vibrational 
and rotational coefficients are related by the formula 








BF 
tag ene fascia (5) 
V D 


?Zeit. fir Physik, 13, 351, 1923. 


’For a more detailed account, see R. Mulliken, Proc. Nat. Acad. of 
Sciences, 12, 144, 1926. 


> Se od Kemble, Jri. Opt. Soc. Amer. BR, 1, 1926. 
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indicating a mutual action between rotation and vibra- 
tion. 

Let us now proceed to apply these relations to the 
measurements of particular band spectra, with a view 
to determining facts about the structure of the emitting 
molecules. Tabie 1 gives the values of the distance »e- 
tween the two nuclei in a number of diatomic hydrides 
of the elements in the first two rows of the periodic table. 
These distances have been computed from the moments 
of inertia given by the values of B as found from the 


TABLE 1. 


Internuclear Distances of Diatomic Hydride Molecules From Band 
Spectra Measurements. 


Angstrom Units. 


LiH BeH BH CH NH OH HF 
Pe eae eke 1.1 1.02 0.95 0.93 
NaH MgeH ALH SiH PH HS CLH 
1.80 1.74 1.66 ogah sees o vas 1.27 
CaH BrH 
2.00 1.41 


AF values for the bands of each of these molecules. It 
is to be noted that these carriers are not always stable 
chemical compounds. Both the absolute values of these 
internuclear distances and their change as you go along 
the row are interesting and significant. 

Table II contains the results of the application of 

equation (4) to the MgH and CH bands. It is seen that 
for one thing «= in both cases in both initial and final 
states, while there is a ¢ in the initial state for MgH and 
in the final state for CH. In other words, there is a 
contribution from the electrons to the resultant angular 
momentum of the molecule. And it is to be concluded 
that the electron transition is from a P state to an S 
state in MgH, but the reverse for CH. 

Applying equation (2) to the ‘‘zero-points’’ (the v 
for m=O in the Q branch) of the various bands in the 
MgH system and assuming half integral values for n 
(evidence from the magnitude of the isotope effect—see 
below) we obtain 

19217 
= + (1603.5n’—34.75n’*)—(1493.5n”—31.25n’”?) 
19224 


We note that the vibration frequency for the initial state 
is larger than that for the final state. And from the 
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values of B we conclude that the distance between the 
two nucleii is greater in the final state. Therefore it 
is to be inferred that the stability of the molecules is 
greater in the initial more excited state. Just the re- 
verse is true for the CH molecule. From these values 
of w and ro we have a means of gauging the relative 
stabilities of various molecules. In this same connection 
it should be mentioned that in some cases” * the branches 
in a band stop sharply at a certain rotational quantum 
number. The explanation of this phenomenon is that at 
this point the centrifugal foree becomes as great as the 
attractive force between the nuclei, with the consequent 
‘*hlowing up’’ of the molecule. 

Since all of the coefficients in the rotational and vibra- 
tional energy formulas involve in some way the masses 
of the constituent atoms of the molecules, the presence 
of isotopes should be detectable in band spectra mea- 
surements. For instance, since Dempster found™ by 
positive ray analysis that Mg consists of a mixture of 
isotopes 24, 25, and 26 in abundance ratio 7:1:1, it can 
be shown that every line in the MgH bands should be 
accompanied by two faint companions due to Mg,,H and 
Mg..H. This prediction is exactly verified. Fig. 1 shows 
the isotope shifts for Mg..H in the 45211 MgH funda- 
mental band. The plotted points represent all the re- 
liable measurement (those not vitiated by fusion or over- 
lapping with other lines) on these isotope pairs in the 
() and R branches. The broken line represents the theo- 
retical value of this shift for the case where the mole- 
cule has 4% quantum of vibrational energy in both in- 
itial and final states in addition to the rotational energy. 

It is readily seen that the points do fluctuate around 
this line, and as a matter of fact the average of all the 
shifts is in almost exact agreement with this assump- 
tion that the smallest amount of vibrational energy that 
this molecule can have is one half a quantum rather than 
zero. This is evidence in favor of the predictions of the 
new quantum mechanics recently put forth by Heisen- 
berg and Born. It is also possible that new isotopes may 


*R. S. Milliken, Physical Review, 25, 509, 1925. 
* Eriksson and Hulthén, Zeit. fir Physik, 3), 
‘A. J. Dempster, Physical Review, 18, 415, 15 


776, 1925. 
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be detected by band spectra measurements. We are at 
present trying to discover isotopes of sulfur by this 
means. The mass spectrograph has failed to reveal 
any isotopes of S, but there are reasons for believing 
that such do exist. 

As a verification of the validity of equation (5) it is 
found that in the case of the MgH bands for instance, 
the values of w. given in the empirical equation for the 
‘*zero-points’’ above are obtained to within the experi- 
mental error of the measurements when the rotation co- 
efficients B and D are inserted. Other verifications of 
this relation have also been made recently. 

From these few examples of the many which might 
be cited, one can conclude that in the application of the 
quantum mechanics to the fine structure of band spectra, 
we have a powerful method of obtaining information 
about the structure and behavior of certain molecules. 
And the work has scarcely been begun. It is to be pre- 
dicted then, that many interesting results will follow 
from these investigations in the near future. 
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EXPERIMENTS ON MECHANICAL MOMENTUM 
AND CENTRIFUGAL FORCE OF ELECTRONS. 


A. P. Carman, Untverstry or ILuinors. 


In the discovery and measurements of the mass of the 
electron by Professor J. J. Thomson and others, the de- 
flection and acceleration of the electron by electric and 
magnetic forces have been used; but if the electron has 
true material mass, we should expect material inertia, 
with mechanical momentum and centrifugal force effects. 
James Clerk Maxwell describes an experiment in which 
he tried without suecess to detect a mechanical momen- 
tum in an electrical current (Treatise on Electricity and 
Magnetism, Vol. IT, Sec. 574). In 1906 Prof. Ernest Fox 
Nichols described an experiment which he made to detect 
an electromotive force from centrifugal acceleration of 
electrons in a rotating disk. The experiment failed to 
show results owing to thermal disturbances at the 
brushes. The experiments described in this paper were 
begun before 1913-1914. In that year, the writer and 
Mr. P. L. Bayley carried on experiments to detect a 
change in an electric current through a rotating disk, 
and these and other topics formed the subject of Mr. 
Bayley’s Master’s thesis. The results were not decisive 
owing to imperfect and variable contacts with the rotat- 
ing disk. (Thesis of P. L. Bayley, June, 1914, Univ. of 
Ill. Library.) A new contact plan was devised by ex- 
periments in the next few years, and this was used in 
1920-1921 by Mr. C. C. Schmidt in experiments which 
were made and discussed for his Master’s degree. His 
results were complicated. (Thesis of C. C. Schmidt, 
June, 1921, Univ. of Ill. Library.) These experiments 
have been continued with improved apparatus and new 
devices by the writer with the assistance of Mr. G. T. 
Lorance and Mr. K. H. Hubbard, graduate students. 

We have used two methods of attack: First by test- 
ing for the production of a possible impulse current up- 
on suddenly stopping a rapidly rotating coil,—the coil 
rotating in its own plane about an axis perpendicular to 
this plane. Several coils were used. The last and most 
satisfactory coil having an average diameter of 24.68 
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em. with 748 turns of No. 22 copper magnet wire. In the 
arrangement which we have had, the axis is horizontal 
and perpendicular to the magnetic field of the earth. By 
using suitable external auxiliary magnetizing coils and a 
compensating coil in the circuit it was found possible to 
get rid of all induced currents. The connection with the 
ends of the coil was made by means of wires which came 
along the axis of the shaft, one wire from each end of the 
shaft. At each end of the shaft, a wire is stretched along 
the extension axis of the shaft, and is kept taught by a 
flat spring. The wire is connected at its outer end with 
a small swivel, so that it rotates quite freely with the 
shaft, even when the shaft is rotating at a high speed. 
The extended wire passes through a trough of mercury, 
the wire going through a cork at each end of the trough. 
The connections thus made were very constant, showing 
in many cases a change of only five thousandths of an 
ohm, between rest and full speed, or less than one tenth 
of one percent of the total resistance of the circuit. The 
galvanometer used was a four coil astatic mirror galva- 
nometer, made by Coblentz, and sensitive to about 10° 
ampere. The galvanometer was shielded by soft iron 
shields from external magnetic disturbances. Many 
readings have been taken, but the quantity involved is 
so small, that we are yet uncertain that there is an im- 
pulse current, even when the coil is stopped in a fraction 
of a second from over 5,000 r.p.m. This part of the 
method of experiment is therefore yet in progress. 

The second method of attack was to determine whether 
there is any change of electrical resistance in a rotating 
coil. A coil with a special zig-zag winding was prepared 
to avoid strains in the wire due to centrifugal forces. 
It was found that between a speed of 7,000 r. p.m. and 
rest, the change of resistance of the coil was not more 
than one hundredth of one per cent. The change in cen- 
trifugal acceleration was from about 4x10’ em. per see. 
per sec. to zero. The original idea was that electrons in 
the wire might be forced to the outer section of the wire 
by centrifugal force, and this crowding to the outer see- 
tion would be equivalent to decreasing the effective cross 
section and hence might increase the resistance. If such 
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a change of resistance had been found, it would have been 
good evidence of centrifugal forces on the electrons. 

The above results would seem to indicate that in me- 
tallic conduction, there is not a free flow of electrons 
along the wire, but more likely a passage of electrons 
from atom to atom, as assumed by J. J. Thomson in his 
second theory of metallic conduction. If this last theory 
of metallic conduction be true, the possibility of an im- 
pulse current at the stopping of a rapidly rotating coil 
is very doubtful. 

A third method of attack depends on detecting a differ- 
ence of electrical potential between the center and the 
rim of a rotating disk. According to the theory of cen- 
trifugal force acting on the free electrons, the rim of a 
rapidly rotating metal disk should be negative and the 
center positive. Nichols thought to detect such differ- 
ence of potential by means of brushes connected to a sen- 
sitive galvanometer. He failed on account of thermal 
currents. We have constructed a special disk to test 
for a difference of potential by an electrostatic method. 
The middle of the disk is insulated from the rim, except 
for a wire connection. This connecting wire can be cut 
at the ends by knives, while the disk is running at a 
high speed. The insulated rim can be tested by an elec- 
trostatic multiplying method after the disk comes to rest. 
The two metal parts of the rotating disk, as it has been 
designed, are mounted on a hard rubber disk and shield- 
ed in a soft iron case, so as to avoid electromagnetic in- 
duction. 
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NEW METHOD FOR THE SEPARATION OF VA- 
NADIUM AND URANIUM COMPOUNDS. 


JEAN McBrien anv Rosaure M. Parr, University or 
ILLINOIS. 


Although our inheritance from the pioneers in chemis- 
try has increased rapidly along many lines we find that 
the chemistry of the rarer elements has moved along 
quite deliberately. It is worthy of note that at the mid- 
dle of the nineteenth century when methods for the de- 
termination of copper, arsenic and zine were well estab- 
lished such elements as vanadium and uranium were at 
that time mere scientific curiosities. The increasing 
commercial importance of many of the rare elements to- 
gether with growing interest in pure science are now 
calling upon research to increase our stock of knowledge 
related to them. A systematic method for the analysis 
of rare elements is at the present time in the process of 
formation with many problems still unsolved, while the 
fragmentary methods in use are known to a relatively 
small number of specialists in this field. 

Probably none of the elements has had a more remark- 
able and romantic history than vanadium. Its discovery 
in 1804 by Del Rio in the brown lead ores of Mexico was 
discredited by the leading chemists of the time. He sug. 
gested the name erythronium, meaning red, because its 
salts became red when heated with acids. In 1830 the 


element was re-discovered by the Swedish chemist, Sef-. 


strom, and named by him ‘‘Vanadium’’ in honor of the 
Scandinavian goddess, Vanadis. 

For nearly three quarters of a century after its first 
discovery vanadium was considered one of the rarest of 
elements. It was found to occur in ores of lead, copper, 
and iron, and in certain clays. In the year 1860 vanad- 
ium salts were produced in quantities sufficient to be of 
commercial value for the production of inks, and of 
aniline black. Recently its use in the steel trade has 
risen until today it is one of the most largely used ele- 
ments in the manufacture of construction-steel to which 
it gives great toughness and torsional strength. 
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Uranium was first announced by Klaproth in 1789, he 
having obtained the oxide from the mineral pitch-blende. 
but the element was not isolated until fifty-three years 
later by Peligot. This element has had its importance 
greatly enhanced by its connection with radium, its 
ores being mined and treated mainly for their radium 
content. A brief review of some of the methods used 
in the separation of uranium and vanadium follows. 

Friedel and Cumenge (1) separated uranium from va- 
nadium by evaporating the nitric acid solution of these 
metals to dryness with excess HNO,, and extracting the 
uranyl! nitrate from the residue with a warm dilute solu- 
tion of ammonium nitrate. Hillebrand, however, failed 
to extract all the uranium from such a residue by this 
reagent because of the occlusion of uranyl nitrate in the 
vanadiec oxide. 

A. C. Langmuir (2) neutralized a nitrie acid solution 
of the two elements with mercuric oxide and precipitated 
the mercurous vanadate by the addition of mercurous 
nitrate. Ignition of the residue gave V.O;, and the uran- 
ium in the filtrate was ignited to U,0, after the mereury 
had been removed by hydrogen sulfide. This process has 
been questioned since under some conditions uranium 
may be precipitated by mercuric oxide. 

Fritchle (3) precipitated uranium from vanadium by 
sodium hydroxide in the presence of sodium carbonate. 
This method is open to criticism as the uranium precipi- 
tate is somewhat soluble in the presence of carbonates. 

Pierlé (4) evaporated a solution of the uranium and 
vanadium, salts on the water bath with excess nitric acid. 
The moist residue was then extracted with ether, dis- 
solving the uranium nitrate and leaving the vanadium. 
The uranium-vanadium residue may also be extracted 
with glacial acetic acid, the vanadium salt not being at- 
tacked. 

Hillebrand (5) removed vanadium from uranium by 
treating with nitric acid in a porcelain boat, evaporating 
to dryness and passing hydrogen chloride gas over the 
heated tube. The vanadium as the oxy-chloride volatil- 
ized leaving the uranium. For complete separation the 
treatment was repeated. 
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Konig (6) separated uranium and vanadium by treat- 
ing their solution with ammonium carbonate and ammon- 
ium sulfide, followed by boiling with acetic acid. 

Rose (7) gave an excellent method for the separation 
of vanadium by the use of mercurous nitrate. However, 
chromium, arsenic, phosphorus, molybdenum, and silica 
must be absent. The mercury was vaporized leaving 
V.0s. 

Roscoe (8) proposed a lead acetate method for the de- 
termination of vanadium. The lead vanadate formed is 
fumed with H.SQ, and the filtrate ignited to V.0,. 

Browning and Palmer (9) precipitated vanadium as 
silver vanadate and weighed it in a gooch crucible. 

By the Haynes-Engle (10) process the uranium and 
vanadium are extracted from a sodium carbonate solu- 
tion. Sodium hydroxide is added to precipitate sodium 
uranate and slaked lime to precipitate the vanadium. 
The separation is incomplete. 

Turner (11) determined vanadium by precipitation 
with cup-ferron, (C,H,;N(ONH,)NO, in which the meta- 
vanadate was precipitated by a six percent solution of 
cupferron with subsequent ignition and recovery of va- 
nadium as V,O0,;. This method is satisfactory only when 
the acidity is kept between four and eight per cent. The 
filtrate was evaporated with nitric acid to destroy the 
cupferron and the uranium estimated by the addition 
of ammonium hydroxide and ignition of (NH,).U.0, to 
U,0.. 

LeConté is given the credit for the phosphate method 
in which he separated uranium from vanadium quantita- 
tively by the addition of ammonium acetate and micro- 
cosmic salt which gave uranyl ammonium phosphate that 
may be ignited to uranyl pyro-phosphate (UO.).P.0;. 

Examination of present analytical methods show that 
it is difficult to obtain a complete and satisfactory separ- 
ation of these two elements. Because of this and in view 
of the importance of accurate determinations, a series of 
investigations has been made in our laboratory upon the 
separation of uranium and vanadium to clarify the re- 
actions involved and to secure a cleaner and more satis- 
factory method for their separation. 
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While the emphasis in this discussion is placed upon 
a workable method for the determination and separation 
of uranium and vanadium in solutions of their com- 
pounds, it is at the same time necessary to consider 
briefly several related elements which interfere in the 
methods of separation advocated by earlier chemists. 
If a solution containing salts of uranium and vanadium 
be subjected to the general scheme of analysis used for 
the common elements these two rare elements will re- 
main in the filtrate from the precipitation of the hydro- 
gen sulfide group. After the gas has been completely 
expelled phosphorus may be removed from a nitric acid 
solution by adding metallic tin the oxy-phosphate of tin 
being insoluble. The tin in the filtrate is then removed 
by hydrogen sulfide (12). The hydrogen sulfide is again 
expelled and the filtrate treated with ammonium hy- 
droxide. All of the uranium will be precipitated but a 
part of the vanadium is likely to remain in solution and 
may be recovered by the addition of ferric chloride or an 
uranium salt. However, in the analysis of most ores and 
alloys sufficient iron is usually present to cause the pre 
cipitation of all the vanadium at this point. ; 

Following the treatment of the precipitate with sodium 
hydroxide and peroxide, uranium and vanadium are 
found in the filtrate which contains the aluminum sub- 
division. To this filtrate excess sodium bi-carbonate is 
added which precipitates zine carbonate, aluminum hy- 
droxide, and basic beryllium carbonate while the filtrate 
contains the soluble sodium salts of chromium, vanad- 
ium and ‘uranium. The addition of nitric acid liberates 
carbon dioxide from this filtrate. 


Formerly the separation of chromium from vanadium 
at this point has given much difficulty the solubility of 
their respective salts being very nearly parallel. One 
author precipitates the lead vanadate in carefully regu- 
lated nitric acid solution, while another precipitates the 
lead chromate from an acetic acid solution. In either 
case several precipitations must be made and the results 
generally are unsatisfactory. Palmer (13) suggests 
reducing the chromate with sulfur dioxide and precipi- 
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tating the chromium with warm sodium hydroxide. The 
chromium is precipitated quite completely, but unfortun- 
ately the vanadium is largely retained by the gelatinous 
chromium precipitate. In practice the method is not 
effective. 

In our search at the University of Illinois for a method 
of removing chromium from the vanadium solution it 
was noted that the nickel-potassium-vanadate has a very 
low solubility, 1.7 parts per thousand, whereas nickle- 
potassium-chromate is decomposed by water. Accord- 
ingly, tests were made using solutions of potassium salts 
of chromium, vanadium and uranium, to which a so- 
lution of nickel nitrate was added followed by an excess 
of ten per cent solution of potassium hydroxide. The 
precipitate consisted of potassium uranate, nickel-potas- 
sium vanadate, and nickel hydroxide. The chromate 
passed quantitatively into the filtrate which gave no test 
for either uranium or vanadium. The precipitate was 
washed with dilute potassium hydroxide and then treated 
with strong ammonium hydroxide which removed all 
the nickel leaving the insoluble ammonium-urany] vana- 
date, (NH,).0. .UQO,.° V,0;. H,O. 

The use of pyridine as a reagent for the separation of 
uranium and vanadium has not been noted in the litera- 
ture. Certain Italian authors (15) describe crystals 
formed by a vanadium-pyridine compound, the vanadium 
being in a tri-valent condition but they made no predic- 
tion of a possible use for this substance. 

In our laboratory, qualitative tests were being made 
for the solubility of uranyl and vanady! sulfates in dif- 
ferent organic reagents. We found that a yellow pre- 
cipitate formed when a solution of uranyl sulfate was 
treated with pyridine, and that vanadyl sulfate with 
this reagent gave a green precipitate which dissolved 
when hydrogen peroxide was added. This suggested a 
possible means for the separation of these two elements. 
Accordingly, a number of quantitative determinations 
were made based upon these findings. 

Uranyl sulfate solution was standardized by treating 
twenty-five cubic centimeter portions with hydrogen per- 























Tg deca etree ht ton aed tener 


rer apnea sip gids Big dwrortin ee Tae 
; , : . 


234 ILLINOIS STATE ACADEMY OF SCIENCE 


oxide and ammonium hydroxide and igniting the precipi- 
tate to U,0,. The average of two determinations gave 
.0583 grams. Vanadyl sulfate solution was standardized 
by treating twenty-five cubic centimeter portions with 
mercurous nitrate and igniting the precipitate to V.O;. 
Three different solutions of vanadyl sulfate were used, 
the first yielding .0557 grams, the second .0810 grams, 
and the third .0842 grams of V.O, respectively for 
twenty-five cubic centimeter portions. 

Twenty-five cubic centimeters of uranyl sulfate solu- 
tion with the same volume of vanadyl sulfate were com- 
bined and treated with pyridine and hydrogen peroxide. 
A series of tests were made to determine the most effec- 
tive quantities of the peroxide and of pyridine. The 
most satisfactory quantities of these reagents were six 
cubic centimeters pyridine and twenty-five cubic centi- 
meters hydrogen peroxide. After filtation and wash- 
ing, the uranuim precipitate was ignited to U,O;. The 
filtrate was treated with mercurous nitrate which pre- 
cipitated mercurous vanadate, and this was ignited to 
V.0;. The results of these experiments are given in 
the following table: 














| ; | 
| U,O0s Us08 V0; V205 
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The slightly-high results obtained for the uranium ox- 
ide are probably caused by retention of a small amount 
of sulphate-ion from the original solution and this does 
not invalidate the claim for complete separation of the 
two elements. 

In this paper there have been given (1) a new method 
for the separation of chromate from uranium and vanad- 
ium solutions by means of nickel nitrate and potassium 
hydroxide, and (2) a new method for the separation of 
uranium and.vanadium by means of pyridine and hydro- 
gen peroxide. 
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OPTIMUM REVERBERATION IN AUDITORIUMS. 
F. R. Watson, University or ILurivots. 


One of the necessary considerations in designing or 
correcting the acoustics of an auditorium is to secure 
conditions that will insure an optimum time of reverber- 
ation. A number of publications have dealt with this 
question, but from somewhat different standpoints. The 
writer has attempted to discuss these results on a com- 
mon basis to show any difference that may exist. 

The optimum time for an average sound increases 
with the volume of the auditorium, varying from about 
1 to 3 seconds for halls of small volume inereasing to 
1,000,000 eu. ft. 

The audience has an effect on the time of reverberation 
because of the clothing worn. For this reason the op- 
timum time is designed for an average audience in any 
hall, the remaining amount of absorption needed for per- 
fect acoustics being obtained by the installation of ma- 
terials. 
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ELEMENT 61.* 
J. Auten Harris, University or ILinors. 


In 1919 while studying the are spectral lines of neody 
mium and samarium which had been prepared in this 
laboratory the U.S. Bureau of Standards found 130 lines 
in the red regions that correspond to no known element. 

Following this an extensive search for element No. 61 
was commenced by L. F. Yntema, who found 5 new lines 
in the violet region of the are spectra of similar mater- 
ials, but X-ray analysis failed to show any trace of this 
element. 

The present investigation was taken up by the writer 
in conjunction with Professor Hopkins in 1923. 

Previous researches had been carried out using the dif- 
ference in solubilities of the double magnesium nitrates 
of the rare earths as a means of separation. In this 
manner it is quite natural to expect 61 to concentrate in 
fractions between those of pure neodymium and of pure 
samarium. Since however all previous attempts by this 
method, even after exhaustive concentration, had result- 
ed in failure, three possibilities as to this failure pre 
sented themselves. 

(1) Element 61 is extremely rare, and infinite concen- 
tration would therefore be necessary. 

(2) The double magnesium nitrate of element 61 con- 
centrates with one of the more plentiful elements on 
either side of it. 

(3) The solubility of the double magnesium nitrate 
of 61 is entirely unique in falling out of sequence with 
its cogeners, and hence would not be found in the inter- 
mediate fractions of a double magnesium nitrate series. 

Of these three possibilities, (2) appeared the most 
probable. At the same time it seemed to us that if ma- 
terials free enough from either neodymium or samarium 
were used, there might be a possibility of bringing out 
61 even in a double magnesium nitrate series, but only 
after considerable fractionation and then only with a 
great loss of the element. 

The action of the double magnesium nitrates favors 
the assumption that a new element is forcing a spit be- 
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tween neodymium and samarium and it was from this 
fact and that of the previous failures in this type of ser- 
ies that the writers assumed that there was very little 
difference in solubility between either 61 and samarium 
on the one hand or 61 and neodymium on the other. Such 
being the case it would be practically impossible, hav- 
ing this more abundant element present to ever concen- 
trate to a point that would give the ratio of 61 to the 
other materials present large enough to be detected by 
means of the X-ray. Similarily it was quite reasonable 
to assume that any absorption bands of the new element 
might quite easily be masked by the heavy bands of one 
or more of its cogeners. 

In order to test out this theory we assumed that in the 
case of the double magnesium nitrates it was the neody- 
mium with which the 61 salt was concentrating. Accord- 
ingly a series that had been worked over extensively by 
F. H. Driggs was taken and only those fractions rich 
in samarium were retained, to continue as the double 
magnesium nitrate. Thus even though the majority of 
the missing element might be left in the neodymium rich 
fractions we should in this way be able to throw what- 
ever amount of 61, there might happen to be, into the 
less soluble end of the fractions. This was done and 
extensive fractionation carried out. In the least soluble 
fraction a concentration of the small amounts of neody- 
mium that was present was obtained, but any absorp- 
tion bands due to the existence of a new element if pres- 
ent were completely masked by the other spectra. 

A second series taken from the above mentioned ma- 
terial was also taken, this being considerably more rich 
in neodymium than the one previously. In order to ob- 
tain a separation of the 61 from the neodymium it was 
necessary to find a salt which on fractionation would 
force another element between 61 and 60, and if possible 
also between 61 and 62. In this an ideal case was found 
in the bromates, inasmuch as neodymium and samarium 
are forced apart leaving 61 with elements on either side 
of it which give little or no absorption in the visua! spec- 
trum. 
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On fractionation of this last we were soon able to pick 
up a very faint line in the absorption spectrum which 
did not correspond to any charted line for the two neigh- 
boring elements but which had been assigned as a weak 
line of neodymium. Continued fractionation however 
brought this line in very strong and in a position in our 
series where we would expect to find 61 concentrating 
most. At the same time the wave length of this band 
corresponds very nicely to what one would expect for 61. 
Further fractionation yielded two more bands both of 
which fit nicely into the curve of occurrence of absorption 
bands, a paper on which is to be published shortly by 
L. F. Yntema. 

Material showing this band most strongly was there- 
fore taken for X-ray analysis, together with the head 
fraction of the first mentioned series. In this latter 
fraction no new bands were observed, as would not be 
expected since the bands due to neodymium would com- 
pletely mask any other ones present. 

In order to verify our suspicions regarding the pres- 
ence of element No. 61 on our material, and X-ray spec- 
trograph was constructed Lines corresponding within 
limits of accuracy of our apparatus to the L alpha one 
and L beta one, of element No. 61 as calculated from 
Siegbahn’s precision values were obtained, from these 
fractions. 

SUMMARY. 


Absorption bands have been found in the visual spec 
trum of solutions of fractions of rare earth materials 
that can only be due to element No. 61. 

X-ray analysis yielded the L alpha one and L beta 
one lines of element No. 61. 

We suggest the name of Illinium for this element, in 
honour of our state and our university. 
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COMPARATIVE PERCEPTION OF PHYSICS BY 
BOYS AND GIRLS. 


H. H. Rapcuirre, Hic Scuoot, Decatur. 


It seems to be a prevalent notion that girls are not as 
capable of comprehending physics as are boys. I have 
heard this idea from many sources. Many boys have 
the notion; not a few girls have expressed such an idea 
to me, and one manufacturer of auto engines told me that 
no girl should be allowed to pursue the subject in the 
high school even. My own impression has been that the 
girls of my classes have made higher grades than the 
boys. In this study of the subject I have attempted 
to find some of the reasons for this impression. 

In the Decatur High School the subject is elective, ex- 
cept for the engineering course which some boys elect 
and the entrance requirement for one of the State Nor- 
mal Schools. In the past more boys have elected physics 
than have girls. It may be that those girls who have 
elected the subject are better prepared than the boys. 
With this thought in mind I have summarized the grades 
in physics and those in other subjects. Six grades are 
used in this school, six per cent to each grade, A, B, C, 
D, and E, below 71 per cent being failure and marked F. 
The numbers making each grade in physics appears in 
the accompanying tables, and below each the mean, high- 
est and lowest grades in all other subjects. To obtain 
the latter items, the grade of each pupil in each subject 
was obtained, the mean for each one determined and the 
highest and lowest recorded. The number of A’s, B’s, 
ete., was then counted and the per cent making each 
grade computed. A perusal of the tables would seem to 
indicate that, this year, the boys are higher in physics 
and the girls higher in other subjects. This was where 
I got my surprise. But last year it was different. This 
year 6 per cent of the boys made A, none of the girls. 
6 per cent of the boys, 5.3 per cent of the girls made B. 
last year none of the boys made A and 20 per cent of 
the girls obtained the highest grade. 

Last year the boys and girls were in classes by them- 
selves. Was the work made easier for the girls? Were 
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they better prepared? Were they helped more than the 
boys? For the first question, the chief difference was 
in the laboratory work, and as I recall, fewer problems. 
As to the second question, 66 per cent of the girls last 
year made A & B, while only 11 per cent of the bys 
gained these marks. For the first semester of this year 
5 per cent of the girls made similar grades in physics, 
but 55 per cent of them gained similar marks in other 
subjects; while 12 per cent of the boys had equal marks 
in physics and only 37 per cent of them did so well in 
other subjects. 

When asked to state certain of the principals and defi- 
nitions in light, the highest grades were obtained by the 
girls. One boy remarked that they might do better in 
memory work, but if I would give them problems to solve 
they would find out. I did so a few days later. I do not 
have the grades for these two tests but remember that 
that particular boy fell below the average of the girls. 

The following test was given this week: 1. State 
Ohm’s Law. (20). 2. Define ampere. (10). 3. Define 
ohm. (10). 4. Define volt. (5). 5. State Lenz’s Law. 
(20). 6 and 7 Four diagrams were given, two to deter- 
mine the direction of the current, and two to determine 
the necessary direction of the motion of a magnet by ap- 
plying Lenz’s Law; (to count 5 each). 8. An ammeter 
reads 1.3 amp. and a voltmeter across the ends of a coil 
of wire reads 19.5 volts. What is the resistance of the 
wire? In this test the average of the boys in the class 
having had three years of H. S. math. was 80.5, of the 
girls, 80.0. In the other classes the boys averaged 64.2 
and the girls, 62.4. 

The extent of the study is not sufficient to warrant a 
conclusive statement, but seems to indicate that there is 
little difference in the sexes as to physics, but that segre- 
gation on sex basis is beneficial to both. 


H. H. Rapcuirre. 
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THE INTER-RELATION OF SOILS AND GEOLOGY, 


‘ 


»} A. Norton, University or Ivirots. 





(ABSTRACT ) 

Investigation in many sciences was well advanced be- 
fore any attempt was made to study the soil. Scientific 
soil investigation, though late in starting, has had a his- 
tory similar to that of many other sciences. The work 
of the Russian soil investigators, as the forerunner of 
the new soil concept, called attention to the necessity 
that soil study be quantitative as well as qualitative. 
Several soil characteristics can already be quantitatively 
described, and no doubt it will soon be possible to quan- 
titatively ascertain all soil characteristics. 

This new concept regards soil as a natural body made 
up of parts, the characteristics of which are the result 
of the action of external and internal forces upon the 
mass of soil material. Neither productive power, eli- 
mate, nor geology are now regarded as a basis of soil 
classification as formerly, but they still remain closely 
allied to soil classification. Geology is particularly help- a 
ful to the pedologist im determining the origin, age, and 
distribution of soil. Southeastern Illinois is excellent 
territory to illustrate the interrelation of soils and ge- 
ology, and to provide proof of the new soil concept, be- 
cause of the variety of formations which exist, and the 
maturity of the region. Soils with similar characteris- 
tices are found to exist on both the rough Ozark ridge 
and the glaciated plains to the north, despite their dif- 
ference in origin. Topography and drainage, two very 
important factors in soil formation, are chiefly respon- 
sible for the variations in the soils of this region. 
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GLACIAL GEOLOGY AND ENGINEERING IN 
ILLINOIS. 


M. M. Letcuron, Cuter, Inuino1s GeoLtocicaL SuRVEY. 


INTRODUCTION. 

Every now and then illustrations come to our atten- 
tion of the results of investigations, which were purely 
scientific in the first place, coming to have commercial 
or industrial applications. Glacial geology formerly had 
almost entirely a purely scientific status. Recently our 
information on the glacial geology of Illinois has come 
to be in greater and greater demand by those engineer- 
ing specialists who deal with earth materials or surface 
configuration. The reasons are partly the fatal conse- 
quences of past experience, partly increased engineering 
specialization and development, and partly increased in- 
formation which we have gained concerning the glacial 
geology of the State. 


COMPLEXITY OF THE GLACIAL HISTORY OF ILLINOIS. 


It now appears probable that at least four ice sheets 
invaded Illinois at intervals separated by longintergla- 
cial epochs during the Pleistocene period, and there is 
some evidence that there were as many:as five different 
ice invasions. At least two of these reached or ap- 
proached the Ozark region of southern Illinois, while the 
others affected the northeastern and western portions. 
As a consequence, most of the State is covered by glacial 
drift and its related materials of outwash and wind-blown 
origin, which have to be dealt with in many engineering 
projects. These drift formations have different charac- 
teristics and properties, even in some cases of till sheets 
which are superposed. As a result, a given engineering 
project may demand certain information which requires 
a technical differentiation of these drifts. 


THE RELATIONSHIP OF MINING ENGINEERING TO GLACIAL 
GEOLOGY, *s 


The coal industry of Illinois is the State’s largest min- 
eral industry. In the initial work of mine development, 
particularly in the sinking of shafts, the mining engineer 
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must take into account the possible existence of sand 
and gravel conditions which are likely to give water 
trouble. He must also consider the possibility of the 
discontinuity of the coal bed, due to preglacial erosion, 
and the possible disastrous flooding of the mine if the 
entries are extended into the glacial fillings of an old 
valley. These sources of trouble necessitate systematic 
drilling in advance of mine development, together with 
the interpretation of the results of drilling and the for- 
mulation of engineering plans based on those results. 


GLACIAL GEOLOGY AND MUNICIPAL WATER SUPPLIES. 

In central and southern Illinois particularly, water- 
bearing formations lie deep and the waters in many cases 
are highly mineralized and undesirable for industrial 
and domestic use. The engineering specialist in water 
supplies, therefore, must look to sources either in the 
glacial drift or in surface streams. Local geographic re- 
lations and geologic conditions may determine which is 
the more desirable. In considering possible sources in 
the glacial drift, he will do well to interest himself in the 
possible existence of old buried valleys which may con- 
tain abundant water-bearing sand- and gravel strata 
in their bottoms. The tracing of such valleys, in many 
cases not apparent to the layman, assumes an economic 
importance. We are now engaged in the collection of all 
available data which will reveal their existence and make 
possible the mapping of their courses. 

In ease surface water supplies are sought, there is the 
necessity of creating a surface reservoir by constructing 
adam. The life nd success of this reservoir depend 
not only on the proper construction of the dam with re- 
spect to the materials which are put into it, but also 
upon the character of the materials on which the dam is 
to be built. These materials must be strong enough to 
support its weight and impervious enough to prevent 
excess leakage both beneath and at the ends of the dam. 
The natural sides of the reservoir must also be imper- 
vious. Such problems, involving glacial geology, abound 
in Illinois and in other areas north of the glacial drift 
boundary. 
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GLACIAL GEOLOGY AND THE STATE’S ROAD BUILDING PROGRAM. 


The magnitude of the road building program of the 
State has made necessary a study of our resources in 
road building materials. These include the sand and 
gravel formations of the glacial drift. In the investiga- 
tion which the State Geological Survey has carried on, it 
was found that the principles of glacial sedimentation 
in morainal building and outwash accumulation were con- 
tinuously helpful in locating and outlining probable 
sources of suitable materials. An insight into the com- 
plexity of the glacial history of the areas covered was 
also helpful. 

During the last glacial epoch, there was a fortunate 
relationship of ice lobes in the Great Lakes region which 
affected very definitely the distribution of the sand and 
gravel deposits of northern Illinois. The Lake Michigan 
lobe, which extended into northeastern Illinois, had a 
general southerly direction of movement but with radial 
movement toward the sides. The Green Bay lobe, which 
scarcely reached the northern boundary of Illinois, had 
a general southwesterly movement but with similar 
radial movement toward the sides. The result was that 
in the zone of juncture of these two lobes there were con- 
flicting ice forces which caused the ice to be greatly riven 
and crevassed, thus facilitating melting and drainage. 
Yonsequently, the waters which issued from this portion 
of the great ice sheet were of sufficient volume to carry 
sand and gravel from the ice and deposit it in outwash 
plains and valley plains for many miles away from the 
ice border! DuPage, Fox and Rock rivers of northern 
Illinois contain extensive terraces of these valuable road- 
making materials. Another factor of consequence was 
the slope of the ice lobes from their central axes to their 
sides, thus tending to concentrate the waters in the zone 
where the lobes joined. The Huron-Erie lobes, and 
the Saginaw lobe to the east of the Lake Michigan lobe, 
and the east side of the Lake Michigan lobe, likewise 
had their effect upon the sand and gravel accumu- 
lations of eastern Illinois. At the time of the building 
of the Valparaiso morainic system of these lobes, most of 
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the drainage flowed down Kankakee river. The head- 
waters of this stream reach into southern Michigan, 
where these various lobes conjoin. Enormous quantities 
of water therefore concentrated along Kankakee River, 
and having high velocity, prevented any large accumula- 
tion of sand and gravel taking place within the limits of 
Illinois, except in depressions, in lee of rock islands, and 
on the inside of the big bend of Illinois River. 


RESEARCH WORK ON THE BEARING STRENGTH OF SURFICIAL 
MATERIALS USED IN FILLS. 

Perhaps the newest need for information concerning 
the glacial formations of Illinois is that of the Research 
Division of the Highway Department in the study of the 
bearing strength of various surficial materials which are 
used in fills, and which serve as a sub-base for conerete 
pavement. It has too commonly been the case that eon- 
tractors have paid little heed to the character of the 
surficial materials which are put into these fills. It is, 
of course, well known by geologists that our surficial 
materials differ greatly with respect to their engineering 
properties under different moisture and freezing condi- 
tions. Consequently the information which the Survey 
possesses on the glacial geology of the State has been 
sought by the above Division in the study which it is 
making of these materials. 


GLACIAL GEOLOGY AND ELECTRICAL ENGINEERING. 


Perhaps the most unique instance of the application of 
glacial geology was worked out by the Commonwealth 
Kdison Company of Chicago and the U. S. Bureau of 
Standards in the Chicago area. It was found that in 
grounding the electrical current, longer ground posts 
were needed for the sandy belts than for the clay and silt 
subsoils. It was also found that these sandy belts were 
the old beaches of Lake Chicago, now largely destroyed 
within the City proper, but mapped by the U. S. Geologi- 
cal Survey before they were destroyed. By using these 
maps, the Company was greatly assisted in mapping out 
its program for the most desirable system of wire dis- 
tribution. 
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THE AREAL GEOLOGY OF SALINE COUNTY. 
Gitpert H. Capy, Ittinois GeoLocicaL Survey. 


The City of Harrisburg is centrally located in Saline 
County in the midst of a region of unusual attractiveness 
and great scientific interest. It is a region of unusual 
topographic contrasts for the Mississippi Valley. The 
southern part of the County rises abruptly 300 to 500 
feet above the region which stretches to the north pro- 
viding for the beholder on the upland vistas of rolling 
prairie that are a delight to contemplate. Within the 
hilly country which extends south into the adjacent coun- 
ty there is an amazing variety of landscape due to the 
deep dissection of the country into hills and deep, steep- 
sided coves. It is unfortunate that the region of the 
hills is relatively so inaccessible, as it is a natural park 
land, and possesses many areas that might well be pre- 
served as playgrounds for the people of the southern 
prairie counties of the State. Many sites suitable for 
artificial lakes and reservoirs exist within the area of 
the Ozark hills. Such bodies of water within the uplands 
in addition to providing adequate water supply to the 
cities of the lowland would add greatly to the scenic 
beauty of the region and its value as a playground and 
resort region. 

To none more than to the geologist have the natural 
surroundings of the Harrisburg region a greater inter- 
est. There are a number of reasons why this should be 
so but among them is the relationship which investigation 
has shown to exist between the surface distribution of 
rocks and the topographic forms of the land surface. 
This is the sort of relationship that is generally supposed 
to exist in any region, but the definiteness of the relation- 
ship in Saline County is unusually satisfying and there- 
fore particularly interesting. It is with the belief that 
an understanding of the geologic factors that have con- 
tributed to the development of the features of the land- 
scape and topography will enlarge the pleasure to be 
derived from their contemplation that this paper has 
been prepared. With the main purpose of explaining 
the main topographic features in terms of the surface 
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distribution of rocks there is associated a desire to point 
out the nature of the distribution and occurrence of cer- 
tain other beds of economic or scientific importance such 
as coal ane limestone beds about which naturally some 
interest exists in the thought of those at all acquainted 
with this region. 

In order to systemmatize our study it will be well first 
to analyze the topographic features of the county. Sa- 
line County has been mapped topographically by the 
State and National Geological Surveys working in coop- 
eration and is included as part of each of four quad- 
rangles, the Galatia quadrangle on the northwest, the 
Eldorado quadrangle on the northwest, the Equality 
quadrangle on the southeast and the Harrisburg quad- 
rangle on the southeast. The topographic map of the 
County made by combining the necessary portions, of 
these maps is reproduced in Plate I. As has been sug- 
gested in an earlier paragraph and as is clearly shown 
by the map, Saline County is readily separable into 
two parts, each of which is in sharp topographic con- 
trast with the other. The line of separation is at the 
foot of a conspicuous slope which mounts toward an area 
of rough, hilly country in the south part of the County. 
It will be noted that the line of separation if drawn on 
the map would trend approximately east from the west 
border of the map to a point near Rudimont from which 
place the trend changes to a direction about 60° to the 
north, continuing in this direction for about 5 miles. It 
then changes and again runs nearly due east to the bor- 
der of the county. This direction is persistent to the 
east boundary of the State, south of Shawneetown. 

One standing at the crest of the rise, the initiation of 
which we have taken as the boundary between the two 
topographic divisions of the region, may by turning 
northward overlook a spreading panorama of magnifi- 
cent proportions (see Plate II). On a clear day the 
entire area of the county to the north lies within the 
range of vision. The panorama that lies in one’s view 
is that of a much lower country whose surface is a series 
of interrupted waves of apparently diminishing height 
and frequency extending to the dim background. Be- 
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tween the nearer ridges can be seen flat stretches of 
alluvial land which, extending eastward, seem to com- 
bine into a featureless plain. This rolling landscape 
constitutes the southern part of Illinois glacial plains or 
prairie land. In this region it has not all been glaciated, 
but so thin is the deposit of glacial drift even where it is 
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PlateI. Map of Saline County showing the position of outcropping sand- 
stones, important faults and folds, the southern limit of glaciation, and 
the area underlain by alluvium (shaded area). 

(Downthrow side of fault indicated by a dot attached to the line 
indicating the position of the fault.) 

(Structural features shown in T. 10 S., R. 7 E. based on a map by 
Mr. Charles Butts in Illinois Geological Survey Bulletin No. 47.) 


present that it does not greatly modify the bed rock 
topography. Of much more importance in this respect 
is the alluvium which effectively conceals any outcrops 


which may have originally existed below an altitude of 
380 feet. 


























Stereogram of Saline County. 
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About one-third of Saline County consists of a level 
alluvial plain lying at an altitude below 400 feet. The re- 
mainder of the area north of the Ozark ridge consists of 
hills of low relief and gentle outlines and prairie land 
rarely rising more than 100 feet above the level of the 
alluvial plains. These plains are developed in wide ex- 
panse in the eastern part of the county between Eldora- 
do, Harrisburg and Equality and finger dendritically 
into the prairie uplands that occupy most of the eastern 
part of the county. Above an altitude of 420 feet the 
stream valleys are relatively narrow and of a size corre- 
sponding to the size of the streams that occupy them; 
below an altitude of 420 the valleys are relatively broad 
with a breadth that is clearly out of proportion to the 
width of the streams. These lower broad expanses of 
alluvial land are regarded as backwater flood deposits 
and are generally characteristic of the stream valleys of 
southern Illinois. The alluvial area of backwater origin 
is the shaded area in the map shown in Plate I. 

The importance of this area of level land to the county 
is tremendous. Under primitive conditions it was 
wooded and swampy much of the year. Drainage was 
exceedingly sluggish because the grade of the streams 
was very low and in dry weather they were sunk in in- 
tricately meandering channels that changed position 
with every flood. Since its value for agriculture has 
been demonstrated, the land is rapidly being cleared 
of timber and by an extensive system of drainage ditches 
is quickly drained each season of its surplus water. The 
result has been, as it were, the addition of thousands of 
acres of valuable agricultural land to the area of the 
county and a shift in maximum land values from the hills 
to the alluvial valleys. 

The hills that rise through the alluvial filling can be 
seen, by inspection of the map, to have a general east- 
west alignment. This corresponds to the trend or strike 
of outcropping strata. Since the strata dip northward 
it is to be expected that the south slopes of the hills will 
be somewhat steeper than the northward slopes, and this 
is almost invariably the case. (See Plate II.) In fact 
the landscape consists of a series of interrupted cuestas, 
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each marking the outcrop of a relatively resistant rock 
layer. The surface deposits overlying the rock above 
the alluvial plains, whether consisting of glacial drift or 
of wind borne material, are thin and fail to obscure the 
relationship of rock outcrop to topography. 

In the plains area north of the Ozark Ridge, each 
cuesta-like escarpment marks the outcrop of a resistant 
or heavy sandstone layer. The approximate position 
of these outcrops is shown in Plate I. Five such sand- 
stones can be traced at least partly across the area, two 
north of Harrisburg and three in the southern part of 
the county. The valleys that intervene between the 
ridges trend east and west largely because they occupy 
the belts of weaker rocks that intervene between the 
sandstones. 

In order to explain satisfactorily the relationship of 
the sandstones to one another and the position of their 
outcrops, it will be necessary to describe briefly the 
stratigraphic position of the different beds with relation 
to the general Pennsylvanian succession. Plate III 
is a diagrammatic generalized representation of the geo- 
logical succession of the Pennsylvanian rocks in the 
southern part of Illinois. It will be noted that the 
System is divided into three formations, the Pottsville 
at the base, above it the Carbondale formation, a rel- 
atively thin formation, and at the top the McLeansboro 
formation, which, as is the case with the Pottsville, has 
a thickness of more than 1,000 feet. The outcrop- 
ping rocks north of the Ozark Ridge are of Mce- 
Leansboro, Carbondale and upper Pottsville age. 
Possibly as much as 300 feet of the Pottsville outcrops 
north of the Ozark Ridge but probably not more than 
that. The subdivision of the Pennsylvanian into these 
formations is based upon more or less arbitrary con- 
siderations, but the units are convenient, because in most 
places in the State the three formations are separated 
by an important bed of coal. Thus Murphysboro (No. 
2) coal lies at the base of the Carbondale and marks the 
top of the Pottsville formation and Herrin (No. 6) coal 
lies at the top of the Carbondale formation and marks 
the base of the McLeansboro formation. Harrisburg 














PAPERS ON GEOGRAPHY AND GEOLOGY 255 


(No. 5) coal lies about 100 feet below Herrin (No. 6) 
coal in this region, and hence is within and part of the 
Carbondale formation. The Carbondale formation be- 
sides containing the Herrin and Harrisburg coals also 
contains a thin coal between the two thicker coals which 
has been called the Briar Hill (No. 514) coal. The Mur- 
physboro (No. 2) coal in this region is in two benches, 
separated by several feet of shale. The upper bench is 
sometimes called the Dekoven coal and the lower bench 
the Davis or ‘‘Four-foot’’ coal. These names are more 
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Plate III. Diagrammatic generalized section of the 
Pennsylvanian system of Southern Illinois. 


commonly applied to the coals in Kentucky or in south- 
ern Gallatin County in Eagle Valley than in the main 
portion of the Illinois coal basin. The occurrence of 
these coals and other coals in the Pottsville formation 
will be described in greater detail later in the paper. On 
the map, Plate I, the strip of territory lying between the 
line marking the position of the Anvil Rock sandstone 
and the line marking the position of the Vergennes sand- 
stones is underlain by rocks of Carbondale age except 
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for a narrow strip at the north, immediately adjacent to 
the position of the Anvil Rock sandstone. North of the 
outcrop of the Anvil Rock sandstone, the strata are of 
McLeansboro age. South of the line marking the base 
of the Vergennes sandstone all strata are of Pottsville 
age except for a narrow strip adjacent to the line. 

The outcropping cuesta-forming sandstones of the 
plains region consist of the following: the Galatia sand- 
stone, the Brushy Creek and Anvil Rock sandstones of 
the McLeansboro formation, the Vergennes sandstone of 
the Carbondale formation, and the Bald Hill and Curlew 
sandstones of the Pottsville formation. In order to 
show the relationship of these sandstones to one another 
and their position in the section, a plate showing a series 
of graphic drilling records is here introduced (Plate IV). 
These are so arranged that the record to the right (No. 
5) starts above the Vergennes; Nos. 4 and 3 above Anvil 
Rock sandstone, No. 2 above the Brushy Creek sandstone 
and No. 1 above the Galatia sandstone. Inspection 
of this diagram shows that the Galatia sandstone lies 
about 500 feet above the base of the McLeansboro forma- 
tion, Brushy Creek sandstone 100-125 feet, and the Anvil 
Rock sandstone 5-20 feet. The Vergennes sandstone is 
near the base of the Carbondale formation but is not 
present in the record shown in Plate IV. 

These various sandstones of the Pennsylvanian are 
generally well exposed where the line of outcrop follows 
the south exposure of a hill (see Plate II). The 
north slopes of the hills underlain by one of these sand- 
stones, not uncommonly are dip slopes and sandy soil 
and occasional outcrops of sandstone will characterize 
these back slopes. In some instances, however, partic- 
ularly to the north where the glacial drift is thicker 
than it is to the south, the north slopes of the hill will 
be more gently inclined than the country rocks and cov- 
ered with drift which apparently thickens northward. 
The sandstones are all much alike, consisting of massive 
or cross-bedded, micaceous, earthy sandstones which 
commonly are very poorly cemented, so that the rocks 
do not commonly weather into cliff-forms. Places where 
the sandstones are typically exposed will be briefly cited: 
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Galatia sandstone: This sandstone outcrops north of 
Galatia about one-half mile at an altitude of 450 feet. 
The outcrop can be traced fairly continuously toward 
Rileyville on the west and for a mile or two eastward. 

Brushy Creek sandstone: This rock forms the crest 
of the ridge extending west from North American 
Church to Liberty Church and is exposed on the north 
flank of the ridge along Brushy Creek at Town Hall near 
the center of Brushy Township. It also forms the hill 
capping of the ridge north of the Harrisburg-Marion 
road north of Dallasania Church. 

Anvil Rock sandstone shows in the new railroad cut 
along the Illinois Central cut-off south of Bankston Fork 
about 4 miles east and one mile north of Carrier Mills. 
It is also well exposed in the vicinity of Absher in Wil- 
liamson County and forms the crest of some of the hills 
north of Ledford. 

Vergennes sandstone is found outcropping in many 
places on Walnut Hill south of Harrisburg, particularly 
along the south slope of that hill and also on the hill 
south of Neweastle School about midway between Car- 
rier Mills and Stonefort. 

Bald Hill sandstone is found along the crest of the hill 
north of Stonefort, that is the Stonefort Hill, and is ex- 
posed on the low knoll upon which Mitchellville is 
located. 

Curlew sandstone is particularly well developed on 
the hill south of Macedonia School and is thought to be 
the sandstone present in the new railroad cut on the 
Illinois Central cut-off near Old Stonefort. 

In this explanation of the distribution of the topo- 
graphic features of the lowland or prairies portion of 
Saline County emphasis has necessarily been placed up- 
on the sandstones, as the distribution of these strata 
seems to have a more definite relationship to the topog- 
raphy than any of the other beds, at least in a positive 
way. There are, however, other considerations with 
respect to the areal geology of the region that are of 
interest aside from the influence or lack of influence up- 
on the topography. The positions of the outcrops of the 
coal beds are particularly of interest because of their 
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great economic importance, and to a less degree the posi- 
tions of the outcrops of the limestones. 

The names and stratigraphic positions of the three 
important coal beds of the Carbondale formation have 
already been mentioned. The outcrops of the Herrin 
and Murphysboro coals can be followed with relative 
ease as each coal lies a short distance below a resistant 
formation that possesses topographic expression (see 
Plate II). It is to be expected that in general the out- 
crops of these coals will be found on the south slope of 
hills capped by the resistant layers. Hence the outcrop 
of the Herrin (No. 6) coal can commonly be discovered 
on the slope southward of the Anvil Rock sandstone 
cuesta, and the Vergennes sandstone cuesta faces south- 
ward over the slope on which outcrop the two beds of 
the Murphysboro coal, one immediately below the sand- 
stone and the lower or Four-foot seam 25 to 40 feet be- 
low. The Harrisburg (No. 5) coal on the other hand is 
difficult to trace. No natural outcrop of this coal is 
known in the county unless possibly there is such an out- 
crop in the hill about a mile west of Equality. The coal, 
usually capped by a- considerable thickness of soft 
rock and underlain by the same sort of material, 
offers no resistance to erosion and hence commonly out- 
crops in the valleys under a covering of alluvium. It is 
only due to the systemmatie drilling by coal companies 
along the suspected and approximate position of the out- 
crop that it has been possible to map the southern limit 
of this bed. 

Murphysboro or No. 2 coal lies in two benches. In 
Kentucky the upper one is called the Dekoven and the 
lower one the Davis or 4-foot bed, as has already been 
stated. In the Harrisburg region both benches have 
been worked but the lower bench is the more important 
of the two. One railroad mine near Harrisburg is work- 
ing this bed and a small wagon mine along the hard road 
about two miles northeast of Stonefort is operating in 
the same seam. Other small local mines are found along 
the south slope of Walnut Hill. 

The two outcropping coals below the Murphysboro 
coal belong in the Pottsville formation. Bald Hill coal 
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is found outcropping below the crest of Stonefort Hill 
and has been worked rather extensively at Bald Hill 
two miles southwest of Stonefort along the Big Four 
Railroad. The Curlew coal outcrops in the south side of 
Pond Creek on the flank of the Ridge east and west of 
Oldtown and has been worked a little in a local way 
about a mile south of Macedonia church. Neither coal 
seems to be continuous and it is thought that in places 
a bed of black shale or slate occupies the position of the 
upper coal. Furthermore, the interval between the sand- 
stone cap-rock and the coal varies, increasing consider- 
ably west of the Saline County line. It is acknowledged 
that some uncertainty exists as to the relationship of 
these two coal seams. 

The limestones outcropping in the lowland area are, 
next to the coals, of greatest interest. Five limestones 
have been recognized. The uppermost, stratigraphic- 
ally, of the outcropping limestones is found in the north- 
ern part of the county in Longbranch Township (NW. 14, 
SE. 4, sec. 33, T.78., R.6 E.) About eight feet of lime- 
stone are exposed but htere is said to be about 15 feet 
present, in two benches. It is a fairly pure, sparely fos- 
siliferous limestone, probably suitable for lime or for 
agricultural uses. This limestone lies north of the out- 
crop of the Galatia sandstone and hence lies above it 
stratigraphically. Underneath the limestone there is 
said to be eighteen inches of coal. The limestone is 550- 
575 feet above the base of the McLeansboro formation 
and is thought to be the same as that outcropping on the 
bank of the Wabash valley at New Haven and is called 
from that occurrence, the New Haven limestone (see 
Plate IV). This limestone is regarded by Worthen" as 
marking the boundary between the Upper and Lower 
Pennsylvanian of Illinois. The reference is, however, 
not clear, since the Carlinville and Shoal Creek lime- 
stones are erroneously correlated with the New Haven 
by Worthen, and these actually would oceur, if present, 
about 200 feet and more lower in the section. 


1 Geological Survey of Illinois, Vol. VII, p. 3, 1883. 
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Another thin limestone is found a short interval below 
the Galatia sandstone in a ravine about 1 mile northeast 
of the town of Galatia. This limestone lies at an alti- 
tude of about 440 feet and the base of the McLeansboro 
formation at this place is about at sea level. This is 
_an impure rather argillaceous or clayey limestone. It is 
lenticular in occurrence and in the Galatia region its 
place is commonly taken by a conglomerate which is ex- 
posed in numerous places in the ravines draining the 
hills north of Galatia. In its place of typical occurrence 
the limestone is said to be underlain by a bed of coal 
of workable thickness, but not much faith is put in this 
report. This limestone lies about midway of the usual 
interval between the New Haven and Shoal Creek lime- 
stones. 

So far as has been discovered by the writer, there are 
no outcrops of limestone in the county that can be corre- 
lated with either the Carlinville or the Shoal Creek lime- 
stone. Some of the drill holes, however, are thought 
to have penetrated limestone beds at the proper position 
of these beds. (See Plate IV.) 

Between the limestone outcropping near Galatia, last 
described, and the next outcropping limestone which I 
have chosen to call the Bankston Fork limestone, there 
is a stratigraphic interval of about 400 feet. The Bank- 
ston Fork limestone lies about 40 feet above Herrin 
(No. 6) coal and hence is exposed not far north of the 
line of outcrop of that coal. One of the best exposures 
is along the south side of the valley of Bankston Creek 
just east of the county line (See. 19, T. 9 S., R. 4 EF.) 
The same limestone is exposed in several places in the 
vicinity of Ledford at an altitude of about 450 feet. The 
limestone is discontinuous in distribution possibly be- 
cause locally displaced by the Anvil Rock sandstone. The 
stratigraphic relation of these two strata is not very cer- 
tain in the mind of the writer. 

It should be stated here that fragments of the Bank- 
ston Fork limestone may be found along the County line 
about two to two and a half miles north of the Marion- 
Harrisburg hard road. It is probable that the fragments 
exposed at this place mark the trace of an important 
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fault line, to be described later, extending westward 
into Williamson County from this position. 

About 30 feet stratigraphically below the Bankston 
Fork limestone is the limestone cap rock of Herrin No. 
6 coal, which I shall call the Herrin limestone since it 
is so commonly associated with the Herrin coal. This 
is the most commonly exposed limestone in the area. The 
frequency of exposure is due largely to artificial exca- 
vation at places where the coal has been mined or quar- 
ried. It is doubtful whether natural exposures of the 
limestone are much more common than natural expo- 
sures of other limestone since the deep weathering to 
which the rocks of the region have been subjected has 
resulted in the disintegration and solution of most of the 
limestones near the outcrop. It is only where streams or 
other agencies have kept disintegration products re- 
moved that fresh limestone is generally exposed in south- 
ern Illinois. 

The character of the Bankston Fork and the Herrin 
limestones may be briefly considered. The former is a 
fairly pure, slightly brownish or pinkish, hard dense 
limestone that commonly breaks with a fracture some- 
what conchoidal in appearance. The Herrin limestone 
on the other hand is.an impure, earthy, dark gray dirty- 
looking limestone that breaks with a splintery fracture. 
Where exposed along streams, the rock spalls off in an- 
gular fragments showing little structure. Both lime- 
stones are fossiliferous and it is particularly noteworthy 
that both carry the fusulinid forms of foraminifera, 
the upper,limestone rather more abundantly than the 
lower. The forms in each limestone are relatively short 
and thick and are thought to be the same species of the 
genus Girtyina. The limestone has also recently been 
shown by Mr. L. G. Henbest, my field assistant, to carry 
other forms of foraminifera besides Fusulinidae. 

No limestones belonging to the Carbondale formation 
are known to outerop and drilling shows that in this 
region this formation is practically barren of this kind 
of strata. Therefore, the remaining limestones to be 
described belong in the Pottsville formation. There are 
two of these limestones. The uppermost, which needs 
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but brief mention, is the Bald Hill limestone which lies 
between the Bald Hill coal and the Bald Hill sandstone. 
It is exposed in the railroad cut east of Stonefort as a 
discontinuous layer a few inches in thickness but is 
more typically developed at Bald Hill about 2 miles 
southeast of Stonefort on the north side of the Big Four 
railroad. One hundred feet or more below the Bald Hill 
sandstone, stratigraphically, is the Curlew limestone, 
which underlies the Curlew sandstone and _ over- 
lies the Curlew coal. In Saline County this limestone 
seems to have a restricted distribution in the eastern 
part of the county. It is found along several stream 
channels on the hill south of Macedonia School; there 
are several occurrences mapped by Butts (quality 
quadrangle) near the foot of Cave Hill and it is also 
found on the southwest slopes of the Eagle Valley de- 
pression. This is a fairly pure fine-grained flinty lime- 
stone. Particular interest attaches to it because the fos- 
sil fauna which it carries is particularly rich in Fusuli- 
nidae. These in general are small and are thought to be 
distinctly different from those occurring in the Herrin 
and Bankston Fork limestones. The occurrence of flint 
in the limestone is also of interest as such occurrence 
is unusual in the Pennsylvanian limestones of Illinois. 

It will be well before completing the description of the 
areal geology of the lowland portion of Saline County 
to point out one or two other features of the geology that 
are observable by inspection of the surface. First, there 
is the distribution of glacial drift. The approximate 
position of the southern limit of glaciation is indicated 
on the map. (Plate I.) This line is based largely on 
the result of work by Dr. Paul MacClintock during the 
past summer. It will be noted that the line marks no 
distinguishing topographic differences between glaciated 
and unglaciated country. It is traceable only by careful 
observation of the character of the material overlying 
the rock and underlying the surface loess. It is only in 
the northern part of the county that drift attains a con- 
siderable thickness. For instance, a portion of the ridge 
north of Galatia and Equality is composed of till of con- 
siderable thickness and the topography in places sug- 
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gests that of a moraine. In the main, however, this is a 
rock ridge underlain by the Galatia sandstone. 

The second feature of special interest concerns the 
structural irregularities that affect the rocks of the low- 
land area. Here and there surface evidence of struc- 
tural irregularities are found. These surface evidences 
are, howevre, less numerous than the actual occurrence 
of irregularities, as shown by mine workings and drill- 
ing. In the main these irregularities do not effect defi- 
nite responses in the topography but the effect after all 
may be greater than is commonly suspected. 

It is known from mine workings and drilling that a 
zone of fracture crosses the county beginning at Equality 
and extending in a direction slightly north of west. A 
fault with a throw which locally amounts to 160 feet 
passes between mines No. 1 and No. 12 of the O’Gara 
Coal Company about two miles northeast of Harrisburg. 
This fault cannot be followed on the surface as the 
fault trace is buried beneath the alluvium. This is 
thought to be the same fault which causes the duplication 
of the Anvil Rock escarpment at Big Ridge and to the 
north along the Cottage Grove ridge, the fault running 
between the two hills, as mapped by Butts.’ 

West of Harrisburg irregularities in structure are 
probably in part responsible for the lack of definite align- 
ment of the Brushy Creek sandstone escarpment. This 
escarpment near the west line of the county is in dupli- 
cate. The southern escarpment extends east-northeast 
as the ridge north of the State road at Dallasania 
Church. The southern escarpment is that upon which 
North American Church is located, 114 miles north of 
Dallasania. This ridge can be followed eastward to the 
vicinity of Bankston Fork Cureh, but about 14 mile west 
of that location it is interrupted by another fault. Hast 
of this fault the sandstone again comes in at a slightly 
lower altitude and forms a ridge with a trend slightly 
northwest. Again faulting supposedly interrupts the 
continuity of the outcrop but the sandstone again shows 
on a small knoll 2 miles northwest of Harrisburg. It 


1 Butts, Charles, Geology and Mineral Resources of the Equality- 
Shawneetown Area, Illinois State Geological Survey, Bull. 47, 1925. 
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should be stated that the identity of the sandstone oc- 
curring at these various places is determined by the fact 
that it lies about 200 feet above Harrisburg (No. 5) coal, 
the altitude of which is determined by numerous drill 
holes. 

There are few locations in the belt of faulting where 
the fault traces can be observed. TheSe occurrences 
are all in the hilly region west of Harrisburg. The most 
noteworthy instance is in the vicinity of Bankston Fork 
Church (NW. 4, SW. 4, sec. 10, T.9S., R.5 E.) The 
fault brings Bankston Fork limestone to the surface on 
the east side, against what is thought to be the Brushy 
Creek sandstone on the west, the throw, therefore, being 
50 to 60 feet or more. Trace of what is possibly the 
same fault is to be seen about 1 mile northeast in a cut 
bank along Brushy Creek in the SE. 14, NE. 14, see. 3, 
T.9S., BR. 5 E. 

The most notable example of the surface exposure of a 
fault trace in the coal basin of southern Illinois, exclud- 
ing the highland area to the south, begins at the county 
line 14 mile southwest of Liberty Church and extends N. 
72° W. in Williamson County. Along this fault line with- 
in 100 feet of the county line boulders of Bankston Fork 
limestone have been found, as has been previously noted. 
The Illinois Central cut-off right-of-way crosses the 
fault line and the cut necessary to bring the track to 
grade should disclose exceedingly interesting structural 
relationship. Farther west in Williamson County, the 
fault trace is readily followed on the surface. 

The Harrisburg region is known to be crossed by dikes 
of igneous rocks. One is at least 300 feet in width where 
it cuts the coal in a mine but most of them are less than 
50 feet in width. The occurrence of ten or more such 
dikes are known in the mines in the region, but so far 
none has been located at the surface probably because 
of the deep weathering to which surface exposures have 
been subjected. It is not improbable that a surface oe- 
currence will eventually be discovered. 

The portion of the Harrisburg region thus far de- 
scribed is part of the Prairies Province and geologically 
part of the Illinois coal basin. The remaining and south- 
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ern portion of the region is physiographically a portion 
of the Ozark Province and lies outside of the coal basin 
proper, since the rocks do not partake of the regional 
northward dip of the rocks in the southern portion of 
the coal basin. 

The rocks of the Ozark region of Saline County and 
the northern part of Pope County belong to the Potts- 
ville formation of the Pennsylvanian System, except for 
a small area of Mississippian on Cave Hill, another near 
Horton Hill and the Carbondale and McLeansboro rocks 
found in the isolated basin of Eagle Valley south of Cave 
Hill. 

Geologically, that is both physiographically and struc- 
turally, the region is separable into two parts; one por- 
tion lies east and south of the Shawneetown Anticline 
and Fault and the other portion lies west of this strue- 
tural feature. The eastern portion includes the high 
range of Cave Hill and Eagle Valley to the south, and 
the western portion the lower hills south and southwest 
of Harrisburg extending to the county line and beyond. 
Without much doubt the most interesting portion of the 
county, geologically, is the Cave Hill-Eagle Valley reg- 
ion. The geology of this region has been mapped and 
studied by Mr. Charles Butts of the U. 8. Geological 
Survey, and a report on this potion of Saline County 
and adjoining portions of Gallatin County is shortly to 
be published by the State Geological Survey in coopera- 
tion with which bureau the geological work was done. 
In view of the fact that this report is shortly to appear, 
this portidén of the county will be described very briefly. 

Cave Hill ridge and Eagle Valley are a structural unit 
bounded on the east and north by a fault or zone of 
faults of considerable magnitude. (Plate V.) The 
fault is vertical or normal with the rocks upthrown 
on the south and east sides. The position of the limiting 
fault on the north is not definitely established because 
the fault trace lies buried beneath the alluvium of the 
lowland, but on the west the trace of the fault can be 
followed three or four miles along the flank of Cave Hill 
southward, eventually becoming a fold or zone of fold- 
ing rather than a fault. The effect of the faulting has 
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and part of each of three adjacent townships.) 


Areal geology of the southeast portion of Saline County adapted from a map by Charles Butts. 








Plate V. 
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been a rotation of a block of the earth’s crust in such a 
way as to expose the edges of the block along the curved 
fault line. In addition to being uplifted, the rocks are 
inclined sharply southward and eastward to form the 
north and west flanks of the Hagle Valley syncline to the 
south. According to maps prepared by Mr. Butts the 
amount of the displacement along the fault amounts to 
about 1,400 feet of upper Pottsville strata lying agains! 
the Chattanooga shale near the foot of Cave Hill at a 
small knoll called Horseshoe Hill. Beeause of the fault 
ing, Mississippian rocks are exposed on the north and 
east flanks of Cave Hill through the entire Mississippian 
section. 

The Cave for which the hill is named is in the Clore 
limestone, the uppermost limestone of the Chester Series 
just beneath massive Caseyville conglomerate, 

From the base of the Caseyville conglomerate passing 
over the hill and down into Eagle Valley a complete suc- 
cession of Pennsylvanian rocks is exposed up to the An- 
vil Rock sandstone of the MeLeansboro formation. <Ac- 
cording to Mr. Butts, these formations consist of the 
Caseyville conglomerate at the base, 340-400 feet thick, 
consisting of three conglomeratie sandstones separated 
by thin bedded non-conglomeratic sandstones and shales. 
Above the Caseyville sandstone is the Tradewater for 
mation near the base of which is the Grindstaff sand- 
stone member and near the top of which is the Curlew 
limestone and sandstone. The Tradewater formation 
has a thickness of about 600 feet. Within the Trade- 
water formation are several lenticular coals, particular- 
ly the Willis coal in the lower 200 feet of the formation. 
The Tradewater formation is sueceeded by the Carbon- 
dale formation containing Murphysboro (No. 2), Harris- 
burg (No. 5) and Herrin (No. 6) coal with a thickness 
of about 300 feet. The McLeansboro formation is rep- 
resented by beds extending up to the Anvil Rock sand- 
stone. It is obvious from this brief description that the 
region possesses unusual opportunities for obtaining a 
complete section of the Carboniferous and particularly 
of the Pennsylvanian formations. 
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As has already been mentioned the Shawneetown fault 
zone which marks the base of Cave Hill does not con- 
tinue far south into the Hills, but its extension is marked 
by a series of parallel folds called the Shawneetown an- 
ticline, Potato Hill syneline, and Horton Hill anticline. 
Along this folded zone in the extreme southern part of 
the county, upper Mississippian rocks are also exposed. 

West of Cave Hill and the Shawneetown fault the Sa- 
line County portion of the Ozark region, which includes 
only the northern edge of the highlands, is marked by 
an abrupt and fairly even escarpment at a much lower 
altitude than Cave Hill. This escarpment rises to a 
maximum elevation of about 660 feet, whereas the alti- 
tude of Cave Hill is about 900 feet. The surface con- 
tinues to rise southward largely in response to the geo- 
logical structure so that along the Delwood MeCormick 
ridge in northern Pope County an altitude of 800 feet 
is reached in a number of places, but nowhere does the 
altitude ascend to that of Cave Hill. 

The topography of the northern part of the Ozark 
region consists of the terminal ridge, mentioned above, 
at the north, which is of greater height than a narrow 
belt that lies south of the ridge. Streams break through 
the ridge in narrow straight sided canyons but farther 
south the valleys are much broader and more open and 
tend to have east and west courses. In this valley belt 
the surface altitude rarely exceeds 550 feet. In the 
south side of the valley belt there is another escarpment 
where the surface reaches an altitude of about 800 feet, 
or nearly 200 feet above the altitude of the first ridge. 
This second ridge lies in Pope County and forms the 
watershed between the drainage to the Ohio to the south 
and that to the Ohio by the way of Saline River. 

The topography shows a definite response to the struc- 
ture. The outer ridge is anticlinal in character and the 
front slope is generally the dip slope of a resistant sand- 
stone layer, the surface of which roughly determines the 
topography of the hill. The crest of the hill is usually 
the crest of the anticline but the dip to the south is 
usually more gentle than that to the north but still con- 
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siderable. In the valley tract south of the ridge the 
strata are fairly horizontal for a distance of a mile or 
so and then rise sharply, varying from 15 to 45 degrees 
toward the south. The south ridge constitutes a mono- 
clinal structure. 

The accompanying map (Plate VI) represents the pat- 
tern of outcrops in a small area of about 13 square miles 
adjacent to the area shown in Plate V. Eight different 
strata are mapped, a refinement in mapping that it may 
be impossible to extend over the entire Ozark Pennsy!l- 
vanian area. The lowest rocks exposed are those out- 
cropping along streams that flow northward from the 
second ridge in northern Pope County in the trough of 
the syncline. The material consists of dark gray shale 
and is thought to represent part of the Caseyville for- 
mation of the Equality-Shawneetown area. Correlation 
of the Pottsville of the Harrisburg region with that of 
the Equality quadrangle has not yet been attempted ex- 
cept in a general way and any correlations suggested in 
this paper must be regarded as highly speculative and 
subject to radical correction. Difficulties in correlation 
are in the main restricted to the portion of the section 
below the Curlew limestone. In the area shown in Plate 
VI, I have recognized three massive sandstone members, 
none conglomeratic. Two of these possibly belong to the 
Tradewater formation and one to the Caseyville. 

Although the general structural features of the outer 
part of the Ozark upland west of the Shawneetown fault 
consist in the main of two parallel folds as described, 
there exists considerable irregularity in these main struc- 
tural features due to faulting. The position of some of 
the more important faults is shown on Plate VI. It seems 
quite probable that faults exist in greater frequency 
than is shown, particularly along the initial anticline. The 
excavation by the Illinois Central at Old Stonefort, for 
instance, shows that the uplift along the initial ridge is, 
at this place at least, accomplished in part by a series 
of steep faults; and the frequency of occurrence of sand- 
stone boulders with slickensided surfaces indicates that 
fracturing by some differential movement characterized 
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the movement by which elevation of the region was ac- 
complished. . 

Evidences of faulting can be found at various places 
along the Winkleman Fault, particularly, which crosses 
the NW. 4 sec. 34, T. 10 S., R. 6 E. These consist in 
particular duplication of strata, in drag folds, and slick- 
enside surfaces along the projected line of faulting and 
actual exposure of the fault trace. 

The preceding is a brief description of those features 
of the areal geology of Saline County having most ob- 
vious relationship to the topography. There are added 
a few paragraphs describing the occurrence and distri- 
bution of the coals and limestones outcropping in the 
area north of the Ozark hills. In limiting the description 
to the facts of areal geology, many other interesting 
facts concerning the geology of the region have neces- 
sarily not been considered. These relate to the physiog- 
raphy, stratigraphy, correlation, paleontology, sedi- 
mentary and structural geology, etc., of the region. The 
problems in these various fields have searcely been 
realized to say nothing of having been solved. This por- 
tion of southern Illinois will no doubt attract the atten- 
tion of geologists for many years before geological rela- 
tionships are fully understood. 
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TORNADOES OF MARCH 18, 1925. 
F. H. Coryer, Srare Normaut Universiry, CarBonpDALe. 


Perhaps most people believe that within a consider- 
able area not more then one tornado occurs in a period 
of one day. Asa rule this is true; but to this rule there 
are decided exceptions. On March 18, 1925, in the six 
states of Missouri, Illinois, Indiana, Kentucky, Tennes- 
see and Alabama occurred seven distinct tornadoes, be- 
tween the hours of 1 p. m. and 7:30 p. m. One of this 
group of seven, now known as the Tri-State Tornado, 
was so much greater in extent, duration and total de- 
structiveness, that the other six received but little notice, 
even in the Associated Press dispatches. In fact so over- 
shadowing was the Tri-State Tornado that most people 
do not know there was more than one tornado on that 
date. Yet in the six smaller tornadoes, 50 people were 
killed, 262 were injured and there was a property loss of 
$1,340,000. If the most violent one of the six lesser tor- 
nadoes had occurred at some other time the newspapers 
would have given it extended notice for in it 38 people 
lost their lives and 98 -were injured, which is more than 
double the loss in the average tornado. 


TRI-STATE TORNADO MARCH 18, 1925. DATE, LOCATION, DI- 
RECTION AND GENERAL CHARACTER OF THE TORNADO, 


The Tri-State Tornado began about 1 P. M. March 18, 
1925, in the western part of Reynolds County, Missouri. 
Its course was 21 degrees to the north of east and in the 
remainder of Missouri it passed through rough hill coun- 
try of few towns and sparse rural population. It crossed 
from Missouri into Illinois in the western part of Jack- 
son County, maintaining a remarkably straight north- 
eastern course, entirely across the state. Its path in Illi- 
nois was largely through the ‘‘coal belt’’ where the towns 
were larger and the rural population was greater than 
in Missouri. The tornado then crossed from Illinois in- 
to Indiana. In this latter state it crossed the greater 
part of three counties, finally disappearing in Pike 
County, three miles southwest of Petersburg. Thus in 
the three states of Missouri, Illinois and Indiana the 
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tornadoes’ path had the remarkable length of 219 miles 
The significance of this long path can be better under- 
stood when we are reminded of the fact that the average 
length of a tornadoes track is somewhere near 25 miles. 


WEATHER CONDITIONS DURING DAY OF TORNADO. 


Perhaps without a single exception tornadoes occur 
within low pressure areas, and generally in the south- 
eastern quadrant of a low of a particular type. It is 
equally significant that tornadoes occur in connection 
with thunderstorms and these thunderstorms in turn of- 
ten have distinctive peculiarities. Thus any discussion 
of tornadoes must necessarily involve the consideration 
of low pressure areas and thunderstorms. 


LOW PRESSURE AREA DURING DAY OF TORNADO, 


At 7 A. M. the Low, in which the tornado was later 
to develop was centered near Forth Smith, Arkansas. 
The general area of low pressure was an elongated 
trough extending from the Gulf of Mexico well into Can- 
ada. Within this trough was the real nucleus of the low 
pressure, which, as already stated, had its center near 
Fort Smith, Arkansas. The longer axis of this nucleus 
had the same direction as the long trough-like depres- 
sion, from northeast to southwest. Within the daylight 
hours of March 18th, the nucleus of the low moved rather 
rapidly northeastward in the trough and at the same 
time the whole elongated trough-like area changed to a 
low pressure area, with more or less oval isobars. By 1 
P. M., the,time the Tri-State-Tornado began, the longer 
axis of the low changed from a N. E.-S. W. direction to 
almost a due N-S. position and the innermost isobars 
having a N. W.-S. E. direction. It is not clearly known 
why this N.-S. direction of the longer axis of the low 
should cause unstable conditions of the atmosphere, yet 
many of the great tornadoes have this N.-S. direction 
of the longer axis. This N.-S. direction of the longer 
axis was maintained through the period of the Tri-State 
Tornado as is clearly shown by the charts at 1 P. M. and 
4P.M. 
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TEMERATURE GRADIENTS DURING TIME OF TORNADOES. 


Whatever significance may be attached to the change 
in the shape of the low and direction of its longer axis, 
yet the temperature gradients are much more significant. 
At 7 A. M. of March 18th, the weather map shows a tem- 
perature of zero in the region just north of Minnesota, 
while in central Florida the temperature was 70 degrees. 
Near the center of the low, however, are the greatest 
temperature gradients. Even at 7 A. M. these gradients 
are marked; but at 1 P. M., when the great tornado be- 
gan, the three isotherms of 50°, 60° and 70° are even 
closer together, as can be clearly seen from the Chart 
for 1 P. M. Just before the tornado reached Murphys- 
boro a maximum of 75° was recorded at Anna, Anna 
is about 20 miles south of Murphysboro. Some 20 or 25 
miles north of Murphysboro the temperatures were 50 
degrees. Thus within a latitude range of 40 or 45 miles 
there was a difference of 25 degrees of temperature. As 
in the case of all low pressure areas the winds are from 
a southerly direction to the east of the low, while to the 
west of the low the winds are from the north or north- 
west. Near the line where the warm moist southerly 
winds met the cold northwest winds is the line along 
which the tornado traveled. Where cold winds come in 
contact with warm moist winds the moisture is rapidly 
condensed and thunderstorms of marked intensity will 
quickly develop. 

The writer well remembers how hot, close and oppres- 
sive the air was just before the tornado and how cold 
and piercing the winds were soon after the tornado was 
over. 

Within the last 15 years four tornadoes have passed 
within a range of six miles to the north and seven miles 
to the south of Carbondale, Illinois: and in each case the 
writer has noticed very distinctly these strong tempera- 
ture contrasts near the line of the advance of the tor- 
nado. In one instance, as a tornado was passing within 
a few miles of where I stood, I could easily distinguish 
alternating winds first from the southwest, then from 
the northwest. The first was warm and oppressive, the 
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next cold enough to make me shiver. This alternation 
of the wind direction and change of temperature lasted 
several minutes. 


GENERAL CONDITION JUST PRIOR TO TORNADO, 


For several hours before the tornado not only was 
the temperature warm for the time of year, but there 
was a general oppressiveness the effect of which may be 
described as causing a feeling of dejection or ‘‘lethargy”’ 
due to ‘‘closeness’’, and ‘‘mugginess’’ of the atmos- 
phere. Students in school were restless and inattentive. 

For an hour or two before the tornado heavy banks 
of clouds could be seen to the north and west. The clouds 
seemed unusually black and with great domed shaped 
tops that had the appearance of boiling. The thunder 
peals were short, clear-cut and explosive-like in charac- 
ter. 

THE TORNADO AS OBSERVERS IN ITS PATH SEE IT, 

Almost without exception those who observed the tor 
nado as it approached them, state they saw two clouds 
rush together, one from the northwest and the other from 
the south, or southwest. Those who attempted an ex- 
planation of any kind said, this rushing together of 
opposing cloud masses caused the destructiveness that 
followed. In a certain sense this is perhaps true: but it 
would be a better statement of the case to say that the 
rushing together of the clouds was but the movements of 
the clouds due to a vortex already formed. 

The appearance of the clouds in the path of the tor 
nado was noticed by many. They were impressed with 
their inklike blackness and lowness. On the sides of the 
inklike clouds, some people said they saw clouds that 
were white and steamlike. Very few saw a funnel cloud. 
This may in part be accounted for by the lowness of the 
general cloud mass, which prevented a long tapering fun 
nel development; or it may have been due to the wide- 
ness of the funnel cloud preventing an observer near 
the tornado from seeing the two sides distinctly. Many 
people who were in buildings say they felt the building 
being lifted and carried. Some said ‘‘T saw the house 
to the east of mine carried north then west and then 
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placed in my back yard. These statements mean there 
was a rotary and upward movement which should be 
the case in a whirling vortex of a funnel cloud. There 
are abundant proofs that these two movements did exist. 
Trees in the south edge of the storm’s track were thrown 
northward or to northwest. While in the north edge 
of the storm the trees were thrown south or southeast. 
The upward movement is likewise attested by the great 
quantities of debris that was taken up in the vortex to 
great heights, then carried forward to the northeast. Ob- 
servers state they saw the air literally full of debris and 
at heights as far as they could see. Gradually these bits 
of paper, cloth and wood settled to the ground. Notes 
signed and filed at Murphysboro were picked up 160 
miles to the northeast and some 20 miles north of the 
path of the tornado. In one case a legal document was 
earried from Murphysboro into Indiana, 600 miles to the 
northeast. 


UNUSUAL FEATURES OF MARCH ISTH TORNADOES. 

Perhaps the best conception of how the tornadoes of 
March 18th, differed from others can be gained from 
this statement; the phenomena did not differ so much 
in kind as in degree. Most of the phenomena were on a 
larger scale. The path of the larger tornado was much 
longer and wider than the average; the duration was 
likewise was much greater. This tornado did not skip 
objects in its central part like others have done; finally 
its total destructiveness was greater than any other, of 
which we have any record. It should also be added that 
the number of tornadoes in a little over six hours was al- 
so unusual. 

SIX LESSER TORNADOES, 

While seven tornadoes in 614 hours is unusual; yet 
more than one tornado in one day can hardly be said 
to be a rare occurrence. On February 19, 1884, forty 
four tornadoes occurred in one day in the states of Mis- 
sissippi, Alabama, Georgia and South Carolina. This 
however is a record breaking number. There have been 
quite a number of instances where two and three tor- 
nadoes have occurred in one day. 
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The seven tornadoes of March 18, 1925 were quite dis- 
tinct. While they all moved in practically parallel paths, 
no two were in the same line. The larger, or Tri-State- 
Tornado, was quite distinct in time from the other six. 
It began at 1 P. M. and ended at 4:30 P. M., and the first 
of the others did not begin till5 P. M. Of the six lesser 
tornadoes two began at 5 P. M., the third at 5:15 P. M., 
the fourth at 5:45 P. M. and the fifth and sixth at 6 P. M. 
It would perhaps not be far wrong to think of the Tri- 
State-Tornado as breaking up at 4:30 P. M. into six les- 
ser tornado centers. This however may not be really 
true for it may be that the same causes that produced 
the larger one may have been operative in six other 
quite distinct areas. The six lesser tornadoes had quite 
a range in latitude; the southernmost was in northern 
Alabama, two in central Tennessee, two in central Ken- 
tucky and one partly in Indiana and partly in Kentucky. 


DURATION, LENGTH AND WIDTH OF PATH OF TRI-STATE 
TORNADO, 

The duration of the average tornado is somewhere be- 
tween one half an hour and one hour, while the Tri-State- 
Tornado lasted three and one half hours. This fact must 
be taken into account when we consider the destruction 
it caused. 

While the path of the Tri-State-Tornado had the re- 
markable length of 219 miles, it much be remembered the 
tornado that passed through Mattoon was 293 miles in 
length. Still it was not so destructive as the great tor- 
nado of March 18, 1925. 

The width of path of the average tornado has been 
estimated from a few hundred feet to one quarter of a 
mile. The larger tornado of March 18, 1925, varied from 
one half to a mile in width, with an average width of 
something like three quarters of a mile or perhaps a 
little less. 

In many tornadoes the funnel cloud rises and falls 
thus causing the curious spectacle of objects in its path 


being almost unmolested while on either side everything 


is blown down. In this respect, again the Tri-State-Tor- 
nado is unusual, for there is little or no evidence of ob- 
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jects in the center of the destructive path being skipped. 
The probable explanation of this is the lowness of the 
general cloud mass that prevented the full development 
of the funnel cloud. Even if the funnel cloud did rise 
and lower, its lower end never left the ground. In this 
connection it may be stated there is some evidence that 
seems to indicate that the funnel cloud was much longer 
than I have indicated; but that its lower end when it 
reached the ground simply stretched out horizontally 
on the earth’s surface, and continued its rotary motion 
along a horizontal, rather than a vertical axis. The evi- 
dences of this is the settlement of several witnesses, who 
said they saw a dark cloud rolling long on the ground 
in which the movement was quite similar to the move- 
ment of hay in an old fashioned steel wire sulky hay 
rake. Whether the laws governing atmospheric move- 
ments can sustain this view, is an open question. 


DESTRUCTIVENESS OF TORNADOES OF MARCH 18, 1925. 


So far as available records show these tornadoes were 
the most destructive of any yet known. The total loss of 
life, as given by the Associated Press in 834. This num- 
ber however includes those who died after the tornadoes, 
but due to injuries received in the storm. The nearest 
approach to this loss of life is 600. This is so far beyond 
the death loss of the average tornado as to make tle 
average seem insignificant. While I have seen no aver- 
age estimated loss of life, it perhaps does not exceed 30 
or 40 and perhaps much less. 

The total number injured is placed by the Red Cross 
and Associated Press as over 3,000. Here again the to- 
tal list of injured is far in excess of the average; but 
since estimated averages are not available no definite 
statement is here attempted. 

The total destruction of property has been variously 
estimated. The more conservative estimates vary from 
$16,500,000 to well over $20,000,000. Perhaps no accur- 
ate estimate will ever be made, yet these approximate 
estimates may be taken with a fair degree of accuracy 
since they are based upon estimates made by insurance 
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companies in adjusting losses. However much property 
was destroyed which was not covered by insurance. 

There is no doubt that the total loss of life and prop- 
erty at Murphysboro was greater than at any other place 
in the entire tornado area; but it would be a mistake to 
think that the proportionate loss was greater in Mur- 
physboro. Gorham, De Soto, Parrish and Griffin, Indi- 
ana, suffered a greater proportionate loss than Murphys- 
boro. It is stated on good authority that there was not 
more than one building left in Gorham sufficiently un- 
injured to be used as a place where the injured could be 
taken for treatment till provision could be made else- 
where. Parrish and Griffin were as completely destroyed 
as Gorham and De Soto. In these towns from one-fifth 
to one-twelfth of the inhabitants were killed. 

In Murphysboro 225 were killed and 1,500 injured out 
of a total population of 12,000 to 13,000. The property 
loss is estimated at $10,000,000; or stated in other words 
120 city blocks were destroyed either by the wind or by 
fire resulting from the wind. 

The rural districts suffered in proportion to popula- 
tion fully as much as the towns, and in some respects 
more, for aid to the injured could not reach them so 
readily as in the towns. In Illinois, alone, 380 farms 
were struck by the tornado, 136 deaths are reported and 
the loss of farm property is estimated at $1,434,000. 


WHY THIS LARGE LOSS OF LIFE AND PROPERTY. 


The chief explanation has already been given. The 
seven different tornadoes, the Tri-State-Tornado having 
a path 219 miles long, three quarters of a mile wide, the 
holding of the funnel cloud constantly to the ground, and 
finally the number and size of the towns in the path of 
the tornado. 

The only other factor that could have much of a bear- 
ing on the tornadoes destructiveness is the strength of 
the wind in the vortex. There is no good evidence that 
the winds in this tornado blew with any greater force 
than in some other great tornadoes. It is perhaps true 
that the rate of winds was greater than in the average 
tornado. The rate of winds in the vortex has never 
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been accurately measured for the simple reason that any 
instrument in the path of the storm would itself have 
been destroyed. The best estimates of the wind velocity 
is based upon the amount of force it would take to drive 
straws, pieces of wood, dirt, etc. into steel, brick, trees, 
ete. In Murphysboro a piece of timber six inches by two 
inches was driven through a base of a tree eighteen 
inches in diameter. Small twigs were driven into vitri- 
fied brick in the Murphysboro high school building. 
Wheat straws were deeply driven into hard seasoned 
oak posts. Fine particles of mud were blown through 
the clothing and buried in the flesh of several persons. 
In still other instances pieces of timber were driven 
through steel plates. To accomplish such penetration 
some engineers have estimated it would take a wind ve- 
locity of 400 to 500 miles per hour. These, however, are 
mere estimates and are not pretended to be more than 
approximately accurate. 


IN A TORNADO ARE THERE PLACES LESS DANGEROUS 
THAN OTHERS? 

The question is often asked, are there places in a tor- 
nado less dangerous than others, so that the loss of life 
can in a measure be avoided? While there is no place 
in a tornado’s path that is free from danger, yet there 
are certainly some places, that are frequently less dan- 
gerous than others. 

As a rule a person is safer in some building than out 
in the open, for the air is literally full of violently whirl- 
ing missiles of various kinds. Many of these are splint- 
ered timbers from destroyed buildings that may at any 
moment be thrust through the body. In other cases a 
person may be struck by the rapid movement of any kind 
of debris in the air. 

In case the building has a basement, the southwest cor- 
ner of this basement is generally a safer place to be than 
in rooms above ground. In this case, however, ene 
should keep away from a stove or furnace with a fire 
in it. A number of persons were burned to death while 
pinned beneath fallen debris, which was near a furnace 
or stove. 
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If there is a room with some strong box, steel bed, or 
exceptionally strong table, it is well to lie flat on the floor 
near such an object, for it will often hold up a fallen 
ceiling or roof sufficiently to save a person from being 
crushed. Many people came out of completely wrecked 
buildings, because they had presence of mind enough to 
place themselves in such a position. 

Sometimes hallways, where the walls are near together 
may be safer than in large rooms, where there is noth- 
ing to break the force of a falling ceiling or roof. 

This question is sometimes asked, can a person seeing 
the storm approaching get out of its destructive path? 
Yes, if a person sees the funnel cloud at a considerable 
distance he may drive an auto, or a pedestrian may run 
fast enough to escape. In that case it is better to run, 
or drive northward, since from the center of destructive 
path northward is less than from the center to the south. 
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THE FOSSIL FLORA OF HARRISBURG, ILLINOIS. 


A. C. Not,-Universiry oF Cuitcaco AND THE ILLINOIS 
State Grotocicat Survey. 


At the time when coal seam No. 5 of Saline County was 
formed a great subtropical swamp covered the place 
where Harrisburg now stands. Let us visualize the vege- 
tation which filled the swamp from the fossils which we 
find embedded in the roof shale of coal No. 5 and in the 
coal balls which are scattered throughout certain por- 
tions of the coal seam. 

The underbrush of the swamp consisted of numerous 
ferns (Filicales) and fern-like seed plants (Cycadofili- 
cales). Some of these plants were herbaceous, some 
were climbing up on the trunks of the big trees, and 
some formed small trees themselves, like the tree ferns 
of present-day New Zealand. 

Seattered throughout the swamp were groups of tall 
trees, very different from any big trees growing in our 
age. Their nearest living relatives are the Club Mosses 
(Lyeopodiales), but in the time of the coal age the Lyco- 
pods attained a height-of one hundred feet, forming 
shafts with slender branches at the top and bearing, 
at the end of these, grass-like leaves and cones with 
spores. 

Along the rivers and brooklets which meandered 
through the great swamp stood gigantic Horse-tails 
(Equisetales), twenty to thirty feet high, forming thick 
stems, but otherwise very much like their present hum- 
ble relative, Equisetum, the Horse-tail. 

In the brooklets floated a water plant which is com- 
pletely extinct now, having left no representative of its 
family. It is called Sphenophyllum, which means wedge- 
shape, because of the form of its leaves. 

The type of ferns which grew in the No. 5 coal swamp 
are, taken as a whole, different from those which grew 
in the swamps which formed the No. 1, No. 2, No. 6, and 
No. 7 coal. There is a preponderance of a big, broad- 
leaved fern (Neuropteris flexuosa), which forms the larg- 
est number of all plant fossils collected at Harrisburg. 
Next to it comes a small-leaved fern of the same genus, 
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Neuropteris rarinervis, which is also characteristic for 
the No. 5 coal on account of the large number of fossils 
it left behind. The Odontopteris is another fern-like 
plant which is a good index fossil for coal seams of the 
upper Pennsylvanian. 

These three types of ferns very likely bore seeds and 
should therefore, be grouped among the Cycadofilicales, 
or seed ferns. 

The genus Sphenopteris, which is so characteristic for 
the lower coal seams of the Pennsylvanian, is rare at 
Harrisburg and so are Linopteris and Allethopteris, but 
the genus Pecopteris represented by numerous species 
like P. vestita and P. miltone, but P. unita is rare. The 
latter is extremely common in the coal No. 2. 

We find another index fossil, Annularia-stellata, al- 
though it is not very frequent. Of Lepidodendron lan- 
ceolatum we find many impressions, also of Sigillaria 
ovata. 

If we compare this flora with that of other floras in 
America and in Europe, we would put it above the mid- 
dle of the Pennsylvanian formation. It corresponds to 
the uppermost Westphalian in Europe and approximate- 
ly to the top of the Allegheny in Pennsylvania or the 
Carbondale in Illinois. 

The aforementioned fossils have all been taken from 
the shale above the coal No. 5 in the Ledford Strip Mine, 
southwest of Harrisburg. There is another type of 
specimen, as mentioned in the introduction, the coal balls 
from the O’Gara Mine No. 11. 

In a strip of territory between the O’Gara No. 9 and 
No. 11, I found limestone concretions in the coal, called 
coal balls by the geologist, and they contain the exact 
plant material from which the coal swamp was formed, 
preserved by a limestone saturation. A great many of 
these coal balls have been sectioned and the anatomic 
structures of seed ferns and even angiosperms were 
found in them. 

One of the most striking discoveries made in the last 
years was Angiospermophyton americanum which Mr. 
Hoskins described in a paper from the Paleobotanie Lab- 
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oratory at the University of Chicago in 1923, and which 
gives the earliest known angiospermic plant structure. 

The interpretation of this plant was questioned and 
the whole subject has been discussed lately; but what- 
ever the ultimate outcome of this controversy may be, it 
has been established already beyond doubt that the struc- 
ture is angiosperm-like; even if it may have grown on a 
Cycadofilicales stem, it shows a distinct tendency toward 
angiospermic development. 
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SILURIAN ROCKS IN ILLINOIS. 
T. E. Savace, Untverstry or ILurnots, 


( ABSTRACT. ) 

The Silurian rocks of Illinois belong to two great ser- 
ies. The lower, known as the Alexandrian series, was 
named from Alexander County, Illinois, where marine 
rocks of this age were first distinguished. They are 
better developed in Illinois than in any other part of 
the United States. Middle Silurian rocks are known as 
the Niagaran series, from the fact that strata of this 
age are exposed along Niagara River in the region of 
Niagara falls. 

The strata of the Alexandrian series were deposited 
in a sea that advanced up the lower Mississippi embay- 
ment from the Gulf of Mexico region, and so these rocks 
belong to the southern province. This series includes 
the Orchard Creek shale and Girardeau limestone which 
outcrop near Thebes, Illinois, and Cape Girardeau, Mis- 
souri, and which do not extend as far north as Chester, 
Illinois. Above the Girardeau occur the Edgewood, and 
Sexton Creek (Brassfield) limestones. The Edgewood 
is exposed near Thebes, Oswego, Channahom, Essex and 
Savanna, Illinois; and the Sexton Creek (Brassfield) 
limestone outcrops along a creek of that name in Alex- 
ander County, near Harrisburg, west of Joliet, and near 
Elgin, and Savanna, Illinois. Both are known to extend 
as far north as Belvidere, near the north border of the 
state. These strata yield oil in McDonough county, 
and gas in Pike county in the western part of Illinois. 

The Niagaran series of rocks were deposited in an 
arm of the sea that during Middle Silurian time ad- 
vanced towards the south reaching as far south as St. 
Louis. This series includes four different formations 
named from below upward as follows: The Joliet for- 
mation to which belongs the limestone quarried at Graf- 
ton, in the vicinity of Joliet, and at many other places 
in northern Illinois. The Joliet is overlain by the Wau- 
kesha limestone which outcrops in the vicinity of Le- 
mont, Illinois, and Waukesha, Wisconsin. Above the 
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Waukesha there occurs the Racine limestone which is 
exposed in the quarries near Fulton, and Chicago, Illi- 
nois, and near Racine, Wisconsin. The youngest Nia- 
garan strata in the state called the Port Byron lime- 
stone, outcrop in the Thornton quarry, near Chicago, 
and in the quarry at Port Byron, Illinois, from which 
place the name was taken. From the latter locality more 
than fifty species of cephalopod mollusks, related to the 
chambered nautilus, were collected. The Racine and 
Post Byron limestones contain numerous ancient coral 
reef structures. 
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ELEPHAS PRIMIGENIUS BOREUS HAY AT 
GOLCONDA, ILLINOIS. 


A. R. Croox, Cuter, State Museum, SPRINGFIELD. 


A steam shovel of the United Gas Improvement Con- 
struction Company which was building a dam on the 
Ohio river half a mile below Golconda, Illinois, exposed 
a two feet long piece of an ivory tusk in a clay bank from 
which the company was obtaining dirt for fillings, Janu- 
ary, 1926. 

A young man, A. J. Wardrop, who had worked barite 
deposits at that place noticed the tusk. Upon investi- 
gating he found a tooth eight inches long and a piece of 
mandible. Fortunately the steam shovel stopped work- 
ing at just the psychological moment. The next scoop 
would have destroyed the finest tusk of Elephas primi- 
genius boreus which has been found in the State. Some 
young men of the company—Messrs. Hoare, Kelly, Bean 
and Van Horn with rare appreciation of the possible 
value of the find, carefully dug out the tusk and put it 
in a safe place. The Field Auditor, Mr. T. R. Rampy, 
courteously made such arrangements that the State Mu- 
seum was able to secure all parts of this skeleton that 
were well enough preserved to be removable. January 
is not the best month of the year for excavating clay 
banks. However when cold winter rains threatened to 
stop the work, the company furnished a large tarpaulin 
under which we could continue the excavating. If it had 
not been for the intelligent and kindly interest of these 
young men and the generosity of the Company, this ex- 
hibit of the largest mammal that ever lived in Illinois, 
would not now be in the State Museum. It was neces- 
sary to handle several hundreds of tons of dirt. When 
the work seemed to be proceeding too slowly, a few shots 
of dynamite were used with good effect (Fig. 1). The 
neighbors all helped. At one time fifteen men were 
working, thus furnishing a fine example of unselfish in- 
terest and community spirit (Fig. 2). 

As a result of these favorable conditions, in one week’s 
time and at a trifling expense, the most complete speci- 
men of this species of mammoth that has been found in 











Fig. 1. A few shots of dynamite properly placed in bank above accelerated work 
of excavation, 


*Fine illustration of community spirit. Four men at left above digging out 
head; two next working on femur; others picking ribs. 





Fig. 3. Alluvial sandy clay bed containing remains. Mr. H. holds his hand on 
right upper molar. 
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Fig. 4. Position of head upside down. Upper molars pointing up. Right femur 
boxed and plastered on top to make removal possible, 





Left tusk in position found. 


surface of left. B. Outside of right. 











Photo by T. R. Rampy. “8 











Fig. 7. Right lower molar of, (A.) Elephas columbi; Galesburg, 7 ridges in 4’. 
B.) E. primgenius boreus Hay, Golconda, 10 ridges in 4’. 
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LOWER MOLAR TEETH 


Fig. 8. Viewed through four inch opening African elephant shows 5 ridge plates; 
Indian shows 8; and E. primigenius shows 10 
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Fig. 11. *Elepha primigenius as modeled by Chas. R. Knight for Prof, H. F. Osborn 
Courtesy of American Museum 
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* By permission of Scientific American, photos by A. R. Crook 
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Fig.12. Skull of 7 year old African Elephant. Ill. State Museum. E. W. Payne. 
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Illinois was obtained. As has always been the case in 
this State the bones were so imperfectly preserved that 
the only way in which they could be secured was to care- 
fully clean the dirt from the top with small knives and 
whisk brooms, then build a frame around them, cover 
with plaster of Paris, undermine with great caution, and 
then turn each piece over (Fig. 4). 


The animal had probably met its fate some place up 
the river and had been rolled along with the muddy 
floods, furnishing food for the fishes of those times, until 
it was more or less dismembered by the animals which 
fed on it, by the violence of the current, by the floating 
ice and by impact against rocks. Finally it came to this 
last burial place behind a low bluff which extends ont 
into the river and behind which there was an eddy in 
which mud and mammoth were deposited. The bones 
lay in a confused mass. The top of the head was down, 
the upper molars pointing up (Figs. 3 and 4). All of 
the left tusk was in position (Fig. 5). A part only of 
the right tusk remained. The right hind femur lay by 
the head. The left scapula was near by. A few carpals, 
ribs and vertebrae formed a disorderly heap. Three of 
the teeth were well preserved—the two upper molars in 
position and a portion of the right lower molar near the 
symphysis of the right and left mandibles. 

Teeth furnish valuable criteria for identifying fos- 
sils. They are usually the best preserved portion of the 
animal because of their compact character. They re- 
tain their shape, require little change for fossilization, 
and are consistent in structure. Fig. 6 shows the grind- 
ing surface and an outside view of the upper molars, and 
Fig. 7 B pictures the grinding surface of the lower right 
molar. For comparison Fig. 7A shows the grinding 
surface of a lower right molar which Mr. F. R. Jelliff 
secured in Galesburg and presented to the State Mu- 
seum. This later belonged to Elephas columbi. It has 
seven ridge plates in a space four inches long. Elephas 
primigenius boreus has ten ridge plates in that distance. 
The upper molars (Fig. 6) weigh 13 pounds each, are 
51% inches long, 314 inches wide and 9 inches high. Our 
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portion of the lower right molar (Fig 7B) measures 8 
inches long, 3 inches wide by 6 inches high. 

While excavation was proceeding, critics who stood on 
the bank suggested that we were rifling one of P. T. Bar- 
num’s grave yards. One fundamentalist reclining near 
by—and one of the few men who did not offer to help 
at the digging—expressed himself in this fashion. 
‘*Lawzee! I members dat elephant way back in 1911. 
Had him in a cireus. He got bad on us. Had to shoot 
him. Threw him overboard. He got stuck in de mud. 
Dats all der is about it.’’ 

A comparison of the teeth of modern elephants, both 
African and Indian, with that of this mammoth answers 
such critics. Fig. 8. The grinding surface of the Afri- 
can molar viewed through a four inch wide opening 
shows five ridge plates; the Indian shows eight, and our 
mammoth ten plates. 

The right femur, left scapula and front of head (Fig. 
9) reached the museum in much better condition than 
was expected. The femur is 46 inches long and 9 inches 
wide at its widest point. The left zygomatic arch was 
broken in transit but enough of the frontal was pre- 
served to show the curve of the forehead. The nasal 
bone is intact. The premaxillaries are pressed upward, 
distorting the opening which formed the base of the pro- 
boscis. For comparison of these bones see skull of mod- 
ern African elephant Fig. 12. Fig. 10 shows the case 
containing the complete exhibit. Fig. 11 gives a correct 
idea of the appearance of the Northern Hairy Mammoth. | 
The artist, Mr. Knight, working under the direction of 
Prof. H. F. Osborn was aided in his reconstruction, not 
only by the bony frame work of the hundred or more 
specimens found in various parts of the United States, 
but also by the flesh, skin and hair which has been taken 
from the numerous remains found during the last cen- 
tury in the ice in northern Siberia. 

The exact location of the spot where our specimen was 
found is one mile south of Goleonda, 1400 feet south of 
dam No. 51, 350 feet west and 33 feet above Ohio river. 
Pope Co., IL, R. 7 E. Twp. 13 8. See. 30. Measure 1897 
feet E. of NW. Cor. of SW. 4 of SW. 44. Measure 400 
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feet S. on Ohio river low water. This locates N. KE. Cor- 
ner of property which extends 440 S. along river bank to 
dry creek, 470 feet in straight line W. along creek; 300 
feet N.; then 485 feet to N. E. Corner. Bones found 125 
feet S. of property line—10 feet below surface in alluvial 
sandy non-caleareous clay which appears to be a post- 
pleistocene deposit and may have been laid down a score 
or more thousand years ago. 

Other occurrences of this species of Elephas in Illinois 
have been recorded by Anderson, Hay and others. (See 
literature.) The writer wishes here to thank Dr. Hay 
for valuable information received from him. 

The accompanying map and list give such data in re- 
gard to Illinois occurrences as I have been able to collect. 
The finds concerning which there is some doubt are 
enumerated in the second list, but are omitted from the 
map because no measurements are available and the 
teeth or other materials may not belong to this species. 

No group of mammals is more interesting than that to 
which the mammoth belongs. In time and space they 
show wide distribution., Beginning in the middle Eocene 
with Moeritherium in the Fayum, Egypt, they continued 
with Palaeomastodon in the Oligocene in North Africa 
and thence with Tetrabelodon productus, Mammut bor- 
soni, Mastodon americanum and the Stegodonts in the 
Miocene of Europe, Asia and America. 

In the Pleistocene from the Kansan stage of some two 
hundred thousand years ago, through the Illinoian of 
one hundred thousand, then the Iowan and the Wiscon- 
sin, they have continued and the last to disappear was 
this species—the Northern Hairy Mammoth—which 
found its last home in the inhospitable wastes of north- 
ern Siberia. While the Proboscidea have existed for 
several million years and have spread all over the world, 
they are now represented by but two species, the Indian 
and the African elephants, and these latter will become 
extinct in the future, not very far distant geologically 
speaking. 
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SOME LITERATURE ON ELEPHAS—Concluded. 
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Fig. 13. Occurrence of Elephas primigenius-boreus Hay—in Illinois. 
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THE GEOLOGICAL COLUMNAR SECTION AT 
MONMOUTH, ILLINOIS, AS REVEALED 
BY THE NEW DEEP WELLS. 


L. E. Workman, Iuirvois State Grotocicat Survey. 


Two wells have recently been drilled at Monmouth to 
a depth of 2,445 feet, and the complete sets of sample 
cuttings permit some observations of interest concerning 
the strata which underlie that part of Northwestern 
Tilinois. 

Loess and glacial drift have been deposited to a thick- 
ness of 95 feet to the level of the Glaciated Plains in this 
locality. The lower part of the drift contains sand and 
gravel lenses. Reports of ‘‘chip piles’’ in a few other 
wells in the vicinity suggest that an old soil zone is pres- 
ent below the upper part of the drift, and that both the 
Kansan and Illinoisan tills are here represented. 

The coal at the top of the Pennsylvanian is doubtless 
the Rock Island coal, as detailed study of rock outcrops 
north of town would suggest. . The 15 feet of sandy shale 
and coal would therefore belong to what has thus far 
been considered as the Pottsville formation. These 15 
feet represent not only the eroded edge of the Pennsyl- 
vania strata but in fact the thinning out of the coal 
measures at the western edge of the coal basin. 

The Chester, Ste. Genevieve, and Meramec deposits, 
of great thickness elsewhere, are not present here, the 
first having never reached so far north and the others 
having probably been eroded off. The Burlington lime- 
stone is very similar to that at the type section at Bur- 
lington, 25 miles southwest of Monmouth. At the top it 
is light gray to white; the lower 35 feet are increasingly 
dolomitic. There are thick beds, lenses, and nodules of 
chert throughout. The magnesian limestone in the 
samples of the lower 35 feet is buff with a greenish tint, 
the green probably being an iron compound which readily 
oxidizes, so that in outerops the rock is designated as 
‘‘brown magnesian limestone.’’ 

Conformable with the Burlington is the soft bluish or 
greenish gray shale of the Kinderhook. It is caleareous 
throughout, and the samples suggest the presence of thin 
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limestone layers toward the top. In the upper part also 
are thin beds of very fine, gray, caleareous sandstone. 
The Kinderhook is noted for its variability from place to 
place, but the shale is most common, and is the same as 
is seen along the Mississippi River bluffs below Burling- 
ton. 

The contact between the bottom of the Kinderhook and 
the top of the Sweetland Creek shale, of Devonian age, 
is not one easily noted by study of the samples. Here the 
Sweetland Creek is only slightly less green, and a little 
more gray, than the shale above, grading down, however, 
into the typical chocolate brown, well known to deep-well 
drillers over a large part of the State. Large pieces of 
shale which caved from the zone of contact, and which 
were therefore not broken up by the drill, show a thin in- 
terlamination of brown and green shale, suggesting that 
here an unconformity, elsewhere recognized, does not 
exist. The top of the Sweetland Creek is placed as the 
highest horizon at which the small resinous Sporangites 
huronense, the spores of a fern-like plant, were noted. 
The shale is only slightly dolomitic. At the base of the 
formation is a brown, very silty bed of shale, containing 
thin leaves of bright charcoal. 

Devonian limestones of Cedar Valley and Wapsipini- 
con age are described by Savage and Udden' in their 
report on the geology of the Edgington-Milan Quad- 
rangles, 40 miles north of Monmouth. There the two 
formations were not differentiated, and it is not possible 
to do so here. The limestone is brown to light gray, 
shaly towards the top, and contains some sandstone lay- 
ers. Throughout the 95 feet found in this well there are 
many fragments of brachiopods and small crinoid stems. 

Here the Niagaran dolomite is only 40 feet thick, 
whereas in northeastern Illinois, it, together with the 
underlying Alexandrian series, is 450 feet thick. There 
seems no variation in the dense, mottled gray, cherty 
dolomite to suggest the existence of the Alexandrian at 
this place. 

The Maquoketa is a light bluish gray shale, with thin 
ealeareous layers at the bottom. Although the Maquo- 


17. E. Savage and J. A. Udden: Bulletin 38, Illinois State Geologi- 
cal Survey, pp. 136-140. 
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keta in Iowa and Wisconsin contains layers of shaly 
dolomite and limestone at several horizons, most wells 
of northern Illinois report only blue shale. 

The Galena-Platteville is separated in this section into 
three prominent divisions, the upper being 90 feet of 
gray to brown argillaceous dolomite which has a very 
distinct layer of brown, gritty, non-plastic shale at the 
bottom; the middle being 230 feet of tan and pinkish- 
gray dolomite, very dense and tough; the lower being 90 
feet of brownish-gray, dolomitic limestone. The top of 
the Platteville is probably at the top of the limestone, for 
that is the distinction of the Platteville from the Galena 
in this part of the State. However there are calcareous 
layers above the limestone here designated and it is not 
easy to draw the line. A three-foot layer of blue shale, 
57 feet above the base, is probably related to the Glen- 
wood shale which commonly separates the Platteville 
from the St. Peter sandstone. After passing through 
this shale the casing was set in the limestone, and the 
size of the hole was reduced, as is generally done be- 
low the Glenwood horizon. Nevertheless there are large 
eavings of blue shale, with the characteristic splintery 
fracture, in samples of the St. Peter indicating the ex- 
istence of at least one other shale layer, probably at the 
contact of the Platteville with the sandstone. 

The white sandstone of the St. Peter is here 175 feet 
thick. The lower part, resting unconformably upon the 
old land surface of the Shakopee, consists of 25 feet of 
interlaminated soft, green shale, sandy shale, sandstone, 
and chert conglomerate. White, oolitic, weathered chert 
pebbles, half an inch in diameter, were brought up by 
the sand bucket. 

There is a pink tint to the Shakopee dolomite through- 
out its entire thickness, being very pronounced near the 
base. The rock is very brittle and finely crystalline 
so that in acid it slowly crumbles to a mass of sharply 
defined microscopic dolomite crystals. There is consid- 
erable oolitic chert in the formation, and several sandy 
layers are in the upper part. 

The driller reports 5 feet of white sandstone below 
this pink dolomite. One is impressed immediately, on ex- 
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amining this sand under the microscope, with the fact 
that secondary growth has transformed many of the 
rounded grains to small quartz crystals with the frosted 
spheres inside. This is characteristic of the New Rich- 
mond standstone which is reported to be 188 feet thick 
at Deer Park, La Salle County. 

The Oneota dolomite is very different from the Shako- 
pee, and the two formations would be divided on litho- 
logic differences at the place indicated, regardless of the 
New Richmond sandstone. It is very light gray to white, 
finely to coarsely crystalline, porous, and contains very 
much chert, some samples being over 50 per cent of white 
chert. 

The Jordan sandstone of the Cambrian period is much 
like the St. Peter in being composed of white, rounded 
and frosted grains. However it is cemented with much 
dolomite and is reported to grade southward into sandy 
dolomite and lose its identity as a formation. The maxi- 
mum thickness in southern Wisconsin is 75 feet. Here 
the thickness is 30 feet. 

The older name ‘‘St. Laurence’’ was rather loosely 
defined and Thwaites', who has most recently studied the 
outcrops and well records of Northern Illinois and 
Southern Wisconsin, applies the name ‘‘Trempealeau’’, 
proposed by Ulrich, to designate those fine gra’ned vari- 
colored dolomites under the horizon of the Jordan sand- 
stone. The formation contains several fine, sandy layers. 
It thickens from 35 feet in Northeastern Wisconsin, to 
100 feet in Southwestern Wisconsin, and 255 feet at 
Monmouth. The lower 25 feet are calcareous, with a 
few scattered grains of glauconite. 

The Franconia fine, angular-grained sandstone is in 
sharp color contrast to the dolomite above. This is due 
to the large proportion of glauconite, which in some cases 
constitutes over half of the samples. It is called a ‘‘lime- 
stone’’ in the driller’s log because the grains of sand 
are so fine and so firmly cemented with dolomite. The 
formation contains some dolomite layers near the base. 


1F. T. Thwaites: “Paleozoic Rocks Found in Deep Wells in Wis- 
consin and Northern Illinois”, Journal of Geology, Vol. 31, p. 547. (1923.) 
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The greatest thickness reported by Thwaites in North- 
ern Illinois is 175 feet. Here it is 245 feet thick. 

The soft Dresbach sandstone, loosely cemented by a 
little yellow dolomite, is the horizon to which a large 
number of wells in Northern Illinois now pénetrate. 
This sand is also much like the St. Peter in grain, being 
perhaps a little coarser. The thickness at Chicago is 
180 feet. It is not known if these 115 feet repre- 
sent the total thickness in this region, for at the bottom 
of the well the drill stopped in the same sandstone, 
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LIFE IN A COAL MEASURE MUD ROCK. 
Frep R. Jeviuirr, GaLesBura. 


Five miles east of Galesburg in the digging of an air- 
shaft by the Galesburg Mining Company, there was 
found a grayish blue shale. In the excavating, seven 
veins of coal were penetrated the lowest being No. 1 of 
the Illinois series, now being mined. This shale aver- 
ages fourteen feet in thickness and lies above the third 
vein from the top. Near its lower part there is a layer 
three to four inches in thickness, and lying about forty 
feet below the surface. This contains nodules and grains 
of sulphur in addition to the other materials. In color 
it is more marked than are the portions either above 
or below it. It has the appearance of a mud, above and 
in which flourished the animal life that furnished the 
remains now found in it. 

The predominant mollusk is a small bivalve, astartella, © 
of which there appear to be two species. The shell is 
small and marked by a series of concentric ridges. I 
have not observed this shell in connection with the ser- 
ies of any other vein in Knox county. Of the brachio- 
pods, a chonetes is the most common. A nucula further 
illustrates the bivalve group. 

Among the gasterpods is a pleurotomaria, and there 
are several species of bellerophons. An occasional nau- 
tilus is detected and in a similar formation two miles 
west, and believed to be the same the orthoceras was 
abundantly represented. Once in a while a trilobite is 
found, and Jarger molluscan forms are not uncommon. 

The layer also contains many disks of crinoid stems, 
and frequently long slender stems that start from a 
joint. It discloses furthermore the gasteropod, euom- 
phalus rugosa, which is found also in the harder rocks 
of the section. 

These three to four inches of mud therefore reveal a 
marked variety of life, including brachiopods, bivalve 
mollusks, gasteropods of several species, widely di- 
vergent, a nautilus group, trilobites, and evidence of a 
profusion of crinoids. 








Picture of coal measure mud rock, containing bivalve shells and other fossils, 
from air shaft five miles east of Galesburg, Il. 
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I have found in the same formation, outcropping a 
mile or so east, cup corals in addition to the fossils 
named. 

When this mud, flaky and shaly, has, due to the 
amount of sulphur that it contains, disintegrated on ex- 
posure, the fossils can: be picked up from the ground. 
Forms that are pyritized cannot, however, be recovered 
in this manner. On fresh specimens, imprints of algae 
are visible, but not often. 

Conditions just before this mud was deposited and 
just subsequently must have changed considerably, for 
here we have an enclosed area of life, with no general 
indication of life before or after. 

It reminds one of closing his book suddenly on a mul- 
titude of insects and thus preserving them within the 
volume. 
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A FIELD MAP FOR A GEOGRAPHIC STUDY OF 
AN URBAN INDUSTRIAL AREA. 


J. B. Appteton, University or ILuinots. 


INTRODUCTION. 


The mapping of land utilization forms an important 
part of the study of the geography of an urban area, 
since without such a map it is difficult to recognize the 
inter-relationship between the various aspects of the 
cultural landscape. 

This paper outlines the method which was adopted in 
making a detailed map of land utilization in the Calumet 
Industrial District, and presents some of the geographic 
relationships which the map brought out. 

Owing to the large area covered the survey occupied 
several months of field work. No uniform map of a 
suitable scale for the whole area existed. Consequently, 
field observations were noted on several base maps of 
various scales. It was found that a seale of six inches 
to the mile was the most convenient to use in the field 
since all the facts of the cultural landscape as well as 
those of the natural environment could be shown there- 
on. Since the aim of the survey was to obtain data of 
land used for urban and industrial purposes, no separate 
map was made of the facts of the natural environment. 
The lack of variety in the physical make up of the area 
under consideration also rendered a second map un- 
necessary. 

When the whole area had been covered in this way a 
generalized map was made on a scale of 1:40,000. On 
this fewer details could be shown, but it was possible to 
indicate sufficient for definite conclusions to be drawn of 
the various ways in which the land was being used for 
urban and industral purposes, the areal distribution of 
each, and their relationship one to the other and to the 
major features of the natural environment.* 


THE CULTURAL LANDSCAPE, 


After a preliminary reconnaissance it was decided to 
group the various forms of land utilization under ten 


* Colored maps were used to illustrate this paper, but it was im- 
possible to reproduce them here. 
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heads. A color scheme was adopted whereby the areal 
extent of these uses could be recorded on the maps in the 
field. 


1. Manufacturing Establishments (Purple). 

Since manufacturing is the most important activity in 
the area under consideration, its distribution is a signifi- 
cant feature of the cultural landscape. Only land that 
was actually in use for industrial purposes was colored 
since in some cases only part of the site was utilized. 

2. Residence Areas (Pink). 


Only those sections which were actually built up were 
recorded. Homes were classified by blocks into four 
types, the bases for this being (a) general appearance, 
(b) loeation, (c) size. This classifiation was indicated 
by numerals. 

3. Potential Residence Areas (Pink diagonal lines). 

These were recorded only where streets were cut, a 
definite start made with improvements, and their resi- 
dential character established definitely. These served 
to indicate trends in urban expansion. 

4. Business Sections (Red). 

All sections devoted primarily to business and com- 
mercial activities were grouped under this head. On 
the field maps it was possible to distinguish each type 
and exceptions to the general rule in each section. No 
attempt was made to differentiate between the different 
types on the generalized map. The intention was to in- 
dicate there the location and areal extent of this form 
of land utilization as a whole rather than by types. 

5. Storeyards, Elevators, etc. (Orange). 

These features occupy scattered, though significant, 
locations in most urban areas. The contents of these 
was indicated by letter, e. g., E—Elevator, C—Coal, S— 
Stone, L—Lumber, B—Building material, etc. 

6. Parks, Recreation Grounds, Cemeteries (Green). 

These form an important part of the layout of an 
urban area. Each type was distinguished by letter. The 
significance of their location was very apparent in the 
Calumet District. 
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7. Railroads, Freight Yards, Terminals (Black). 

The character of the railroad net, the routes followed 
by the numerous lines, the location and size of the freight 
vards, all have particular significance to the industrial 
and urban development in the Calumet District. 

8. Navigable Water (Dark Blue). 

This included all harbors and their approaches from 
Lake Michigan, the Indiana Harbor Canal, and the im- 
proved section of the Calumet River. These features 
have a close relationship to industrial development and 
their location and extent are, therefore, very significant. 

9. Non-Navigable Waters (Light Blue). 

These indicate important facts of the natural environ- 
ment as well as of the cultural landscape. They indi- 
cate the unimproved portions of the rivers, the unfin- 
ished sections of the Indiana Harbor Canal, the shallow 
inshore waters of the lake, and the potential inland har- 
bor of Lake Calumet. 

10. Vacant Land (White). 


Since this survey was made to obtain data of land act- 
ually used for urban and industrial development, all 
land not used for these purposes was classified as ‘‘ Va- 
eant’’. This included a very small acreage of culti- 
vable land, large areas of swamp and sandy waste, and 
some scrub woodland and poor permanent pasture. 
These facts were noted on the field maps but not in- 
cluded on the final map. In some cases this land was 
held obviously for future industrial development, in 
others, for probable residental purposes. 


GEOGRAPHIC INTERPRETATION, 


The Calumet Industrial District stretches along the 
southwestern and southern shores of Lake Michigan 
from the western limits of South Chicago to the eastern 
limits of Gary. 

The district is important chiefly because of its manu- 
facturing which centers around iron and steel. The 
map indicates clearly the striking industrial layout with 
its accompanying urbanization. The character of this 
industrial development is obvious at a glance as one 
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traverses the district, for across wide tracts of unused 
land the large mills, with their many smoking stacks, 
stand out in striking relief. 

Prior to the founding of the iron and steel plants little 
or no industrial, residential, or even agricultural de- 
velopment had taken place in the district in spite of its 
proximity to Chicago. The marshy and sandy character 
of the land had left it largely waste. Consequently, when 
the steel interests recognized the value of the lake shore 
and the banks of the Calumet River for large scale in- 
dustry, they were able to acquire all the land they needed 
in large blocks, because no subdivision had taken place. 

The facility to receive ore by boat was one of the 
chief requirements of the iron and steel industry. There 
were no natural harbors on the lake front and the mouth 
of the Calumet River required extensive improvement 
before it was accessible even to small lake boats. The 
low shore, the shallow water fronting it, and the mater- 
ials underlying both the land and the lake, unconsoli- 
dated sand and clay till, made the digging of artificial 
harbors and canals, and the building of breakwaters rel- 
atively easy and inexpensive. 

The district, located at the southern extremity of Lake 
Michigan, lies athwart the route inevitably followed by 
a number of railroads to Chicago from the east and 
southeast. The railroad pattern indicates the absence 
of any serious obstacles. The industrialists, once their 
attention was drawn to the district, recognized the value 
of its existing transportation facilities and the possi- 
bilities for extension. 

Three types of location are utilized for iron and steel 
plants, (a) in a narrow belt along the lake shore (b) 
along the lower course of the Calumet River (c) along 
the Indiana Harbor Canal. Of these the first mentioned 
is by far the more significant. 

Factories concerned with the fabrication of iron and 
steel are scattered throughout the district, but in most 
cases they are located strategically with reference to 
sources of raw materials and to railroad transportation. 
These, like blast furnaces and steel mills, require large 
sites. This is particularly true of those plants producing 
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railroad and structural equipment. Those concerned 
with less bulky products are located, as a rule, farther 
from the mills but along the railroads. 

Certain other types of large seale industry such as 
chemical, cement, and oil-refining plants, occupy large 
sites within the Calumet District. 

The abundant land available at reasonable cost, the 
excellent transportation facilities, and proximity to Chi- 
cago were largely responsible for their location. 

Numerous industries have been established through- 
out the district but especially in the western parts. This 
phase of development and land utilization is common to 
most large urban areas. In some cases they are de- 
pendent upon the local market which increasing popula- 
tion affords, in others, they are located with reference to 
raw materials produced in the neighborhood, or which 
can be assembled easily in the district. 

Urban centers have grown up around the several 
groups of iron and steel mills and fabricating plants 
with which they are associated. In most cases these 
urban areas are separated by wide stretches of vacant 
land. Only in the western part of the district is there 
an almost continuous built up area, owing to the closer 
grouping of the fabricating plants and of numerous in- 
dustries which have been attracted to this thriving in- 
dustrial area. The fourfold classification of residences 
reveals the following conditions—(a) the poorer types 
tend to be located in the more congested areas around 
the industrial plants (b) the best homes are located on 
the outskirts of each of the urban centers. The gen- 
eral unpleasantness of living under crowded conditions 
around big industrial plants is recognized. Consequently, 
urban expansion is taking place along the southern mar- 
gin of the Calumet District where much more pleasant 
surroundings are to be found on the slightly elevated, 
well drained lands of the moraine country with their 
fertile loamy soils, than on the low poorly drained lands 
of the lake plain with their hopelessly sandy soil. This 
southern expansion has been possible because of the de- 
velopment of street car, motor bus, and suburban rail- 
road services which provide rapid and cheap transpor- 
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tation to most of the industrial plants. The large num- 
ber of private automobiles has increased the distance 
at which people can live and yet be located conveniently 
to their work. The bulk of this residential expansion 
southward is taking place between Gary and West Ham- 
mond where industrial development is more rapid than 
elsewhere in the district. 

With the growth of industrial activity the trunk rail- 
roads traversing the lake plain have been supplemented 
by three belt railroad systems. These penetrate every 
section of the district, and offer direct connection with 
every one of the twenty-seven trunk lines leaving Chi- 
cago. The latter maintain clearing yards near the points 
of intersection in which products moving in and out of 
the district are handled expeditiously. 

Seattered throughout the district along the various 
railroads are storeyards of all kinds. These are located 
strategically with reference to the reception and distri- 
bution of the products they handle. Elevators are con- 
centrated, in the main, adjacent to both railroads and 
navigable water since they receive grain by rail, and ship 
large quantities by lake. 

Owing to the occupation of the lake front by industrial 
plants only three small parks are to be found there. 
Others are to be found either in the congested areas 
themselves or on the fringes of the built up sections. 
Cemeteries are usually located on the slightly higher, 
better drained sandy ridges which cross the district at 
some distance from the lake shore. 

Much land is vacant. Most of it has the appearance 
of waste since it is totally unfitted for agriculture and 
is unattractive for residential purposes. Much of it is 
suited for industrial projects because of its proximity 
to railroads, to navigable water, to established industrial 
plants, and to Chicago, Much is held already by indus- 
trial concerns for future development or by land com- 
panies for speculative purposes. There seems to be a 
general tendency to leave the present unoccupied areas 
to the north of the Grand Calumet River for industrial 
use and to encourage residential development farther 
and farther away from the lake. 
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CONCLUSION, 


A map of this type indicates at a glance the areal dis- 
tribution of each feature of the cultural landscape in an 
urban area. From it the relationships between them 
can be readily seen, especially in the case of the indus- 
trial, residential, and business districts A slight elab- 
oration of the color scheme could be made, which would 
distinguish in greater detail the various types of indus- 
try. This might be necessary in a district of more com- 
plex industrial activity, or where a smaller area is being 
studied in great detail. 
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A PROBLEM OF ECONOMIC READJUSTMENT TO 
GEOGRAPHIC FACTORS. 


Fiemin W. Cox, University or ILuiots. 


The shift of population from the farms, villages, and 
small cities to the larger cities has been one of the 
marked tendencies of the last two decades. This tend- 
ency has been almost universally deplored, for two rea- 
sons. In the first place, the basic industry of agricul- 
ture suffers when people desert the rural districts; in 
the second place, the conditions under which large num- 
bers of people must live in the large cities are detrimen- 
tal to health, economic liberty and happiness, and con- 
sequently to good citizenship. It is, therefore, interest- 
ing to discover a movement in the opposite direction, in 
the readjustment of the business of the Indian Refinery 
Company at Lawrenceville, Illinois. Since this read- 
justment is largely due to geographic factors, it has a 
greater significance, because such factors are of funda- 
mental economic importance. 

The Indian Refinery Company started as a small con- 
cern at Georgetown, Kentucky. It first opened offices at 
Cincinnati, Ohio, but soon moved them to New York 
City to get near to the money market. Soon after the 
opening of the oil field in southeastern L[llinois, this con- 
cern started a small refinery at Lawrenceville, Illinois, 
which soon became their most important holding. The 
refinery at Georgetown was abandoned and all refining 
was done at Lawrenceville in the plant that has contin- 
ued to grow steadily. The business was not always a 
profitable one. In 1923, it was compelled to face ser- 
ious financial difficulties. It was found, upon checking 
up, that the company was losing $2,000,000.00 a year. 
A study of the difficulties led to the decision of moving 
the main offices from New York to Lawrenceville. This 
plan of moving the administrative and selling organiza- 
tions from a highly congested urban region to a small 
city, far from any large commercial center, while not a 
perfect example of decentralization, still has some inter- 
esting characteristics of such. 
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In making such a move, it was necessary to take into 
consideration not only the effect upon the financial con- 
dition of the company, but also the effect upon the lives 
of the employees. 

The first step in the readjustment was the erection 
upon the property of the company at Lawrenceville, ad- 
jacent to the refinery, a modern, well-lighted, fire-proof 
office building of three stories. The second step was to 
secure homes for the people. Options were taken on the 
lots of a new addition that was being platted at Law- 
renceville. On some lots, houses were constructed be- 
fore the employees came. Arrangements were made 
whereby the employees could buy houses and lots, or buy 
lots and build houses paying in either case on the install- 
ment plan. 

In November, 1923, the first part of the office force was 
moved, and in January, 1924, the last past, a group, of 
58 came to their new home on a special train. The 
company took charge of the move in a thorough manner. 
It sent to the houses of the employees expert packers, 
who crated and packed the household goods, shipped 
them to Lawrenceville, unpacked them in the new homes 
where everything was in readiness when their owners 
came. In a similar manner the office fixtures were 
moved. The employees left their offices one Friday even- 
ing in New York. On Tuesday morning following they 
walked into the new office in Lawrenceville and found 
desks and files ready for the commencement of work. 

How successful was the move? It has taken time of 
course to tell. It was two years in January since the 
move was completed. That is long enough to show some 
indication of results. 

The change has been advantageous to the company. 
As has been stated before, the company was losing 
money. This amount was not a small loss but so large 
a one that a radical readjustment was necessary. As 
Dr. Frank Fitts, Vice-president of the company put it, 
‘‘Tonorance of geography in the full significance of the 
term on the part of the principal officers of the company, 
located in New York was quite rapidly bleeding the com- 
pany to death’’. 
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Shortly after the move to Lawrenceville, the company 
was able, for the first time in a number of years, to de- 
clare a dividend. The most important factor in turning 
the business into a profit making concern was, without 
doubt, the change of view point of the selling force. As 
long as the selling organization was located in New York, 
the sales force looked at their field of operation from 
the viewpoint of that city. The result was that the great- 
est effort to sell was made in the eastern part of the 
United States in the territory around New York City. 
There were two serious disadvantages to this. First, 
there was direct competition with the large refineries 
in New Jersey which did not pay as much for transpor- 
tation charges as did the Indian because to the former 
the crude oil was brought by pipe line. Second, the 
field of the Central States nearest the Indian Refinery, 
a field in which it had the advantage from the stand- 
point of transportation was almost entirely neglected 
by the sales force in New York. To illustrate how com- 
pletely this field was neglected, might be mentioned the 
fact that the Indian Refinery did not have a filling station 
in Lawrenceville itself tntil within the last two or three 
years. Located in Lawrenceville, the selling organiza- 
tion decided to concentrate upon the states of the Middle 
West, instead of the East. The most important market 
has become the states of Illinois, Indiana, Ohio, Ken- 
tucky, and southern Michigan. There has been no at- 
tempt to go further west because the oil from fields 
further west flows east through the pipe line. The east- 
ern stations are being gradually abandoned. In fact, 
it has been found more advantageous to purchase oil in 
the East for the few stations that remain rather than 
try to transport it from the refinery. The company has 
signified its attention of disposing of all its filling sta- 
tions in the East in the near future. The office force 
in New York at present consists of only three yeople who 
have charge of the export business. 

The cutting of the expense account was a second fac- 
tor that changed the concern from a losing to a paying 
one. The saving of rent was no small item, The rent 
for office space in New York oost approximately 
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$62,000.00 a year. The cost of the construction of the 
new office building erected at Lawrenceville, which is 
more commodious than the old quarters as well as bet- 
ter lighted and ventilated was approximately the price 
of one year’s rent in New York. 

As long as‘the main office was in New York, it was 
necessary to have a small office at Lawrenceville. Con- 
solidation of the two offices made the expense less fer 
several reasons. One was the elimination of the cost of 
communication. This had been carried on by telegraph, 
postal service, and by frequent trips over the distance 
of 1,500 miles by different officials, some of whom were 
located at Lawrenceville and some at New York. The 
expense of telegrams alone had amounted to from 
$2,000.00 to $3,000.00 a vear. The distance between the 
two offices was so great that the expense involved in the 
retardation of business due to the necessity of com- 
munication was probably larger. Consolidation made 
fewer places to fill since it eliminated duplication of 
work that had been necessary before. 

The third important factor that made for success of 
the company is a better esprit de corps. As long as the 
office was in New York, there was atendency for over- 
manning, especially the higher salaried positions. The 
general atmosphere was not such as to produce excellent 
work. Some of the employees had never seen any of the 
products of the company and the work, to such, was 
the mere routine of a detached office. There is better 
work done in the new location. The people of the office 
force are better acquainted with each other, and with 
the higher officials because they are all close to the re- 
finery. The products of the company are real things 
to them and not merely items on a bill or ledger. 

The company rightly believed that if the experiment 
was a success the effect upon the lives of the employees 
must also be beneficial. They, consequently, took great 
pains to carry out the difficult and delicate task of mov- 
ing the 300 or more people to their new homes. Many 
of them had never lived outside of New York and did 
not take kindly to the idea of being transported 1,500 
miles and settled in a small city of about 5,000 inhabit- 
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ants. The company promised to pay all transportation 
costs of both people and household goods. It further 
promised that at the end of six months, all that should 
have become dissatisfied would be moved back to New 
York with their household goods at the expense of the 
company. 

There was bound to be some dissatisfaction. Who 
could expect to make so drastic a move in which about 
300 people were involved without creating some dissatis- 
faction. Lawrenceville is a progressive city and more 
attractive than the average city of its size, but to some 
of those who came from New York it looked very small, 
dull and commonplace. The people of this little Illinois 
city welcomed the newcomers and tried to make their 
entrance into the new home as pleasant as possible. This 
welcoming manifestation was accepted by the majority 
of the neweomers with appropriate courtesy and the re- 
sult was mutual good feeling and a spirit of cooperation. 
Some of the newcomers, however, were not pleased and 
seemed to scorn all people who had not been reared in 
New York. A few of these dissatisfied ones soon re 
turned but their places were taken by people living in 
Lawrenceville or places nearby. There was also some 
dissatisfaction on account of housing conditions. These 
were not adequate in spite of the efforts of the company 
to meet the difficult situation. This difficulty disap- 
peared within a short time because a building program 
was inaugurated and building has gone steadily on to 
the present time. 


The testimony of employees and officials bring out the 
advantages to the employees of living in a small city 
‘ather than in the metropolis of the country. Possibly 
the most important fact in the lives of the employees is 
that they can enjoy a higher standard of living in Law- 
renceville than they can in New York on the same salary. 
Dr. Frank Fitts, vice-president of the company, gives a 
specific example of three stenographers who, in New 
York, lived in a hall bedroom with a share in a commun- 
ity sitting room. They ate at cheap restaurants or 
boarding clubs. They could not hope to own a car. They 
could not even pay garage rent for one. To get to and 
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from their work they were compelled, twice a day, to 
endure the rush and jam of street car traffic. In Law- 
renceville, they have rented a five-roomed bungalow and 
are keeping house. The bungalow is surrounded by a 
lawn with walks and flower-beds. It is equipped with 
the modern conveniences that go with water, gas, and 
electricity. They have their own dining-room and a 
pleasant sitting-room in which to entertain their friends. 
There is a garage upon their lot and they can afford to 
ownacar. The car gives them recreation in many forms 
and takes them to and from their work, 

Another specific example is that the head of one of 
the book-keeping departments. In New York, he and his 
wife lived in a three-roomed apartment, that is two 
rooms and a kitchenette. They were barely making both 
ends meet on his salary. Their only recreation was an 
occasional down town jaunt on Saturday night. They 
had no room to entertain company, and consequently had 
few friends. In Lawrenceville they have a pleasant 
home. Both take pleasure in cultivating flowers and 
vegetables in their garden, which living in Lawrenceville 
permits them to have. They are able also to own a car 
which makes it possible for them to take different kinds 
of outings that were absolutely beyond their reach in 
New York. They can and do entertain friends, and 
whereas they were strangers in New York, they are in 
the midst of a circle of friends in Lawrenceville. 

Another factor of value to the employees is that they 
may become property owners, live and raise families un- 
der sanitary conditions and take part in civic, church, 
and the social affairs of the community. 

The social and recreational facilities available for peo- 
ple that draw moderate salaries are better in Lawrence- 
ville than they are in New York. The fact that all work 
for one company in a small city makes it possible for 
them to become acquainted with each other. The com- 
pany encourages social affairs among the employees and 
aids in carrying them out. This was practically impos- 
sible in a large city. There is a country club near Law- 
renceville and many of the employees can afford to be- 
long to it. There are places for fishing, bathing, hunting 
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and other forms of outing. For those that do not own 
cars, the company runs free busses which take the em- 
ployees to and from their work, morning, noon and even- 
ing. On holidays and after work hours, these busses may 
be secured free by groups of five or more for picnics, 
trips to the country club, and other outings. There is, 
in fact, a closer relationship between the higher officials 
of the company and the employees because all live in 
one small city in which is located the refinery in which 
the products with which their work is concerned are 
made. 

Thus after two years the officials of this rather ex- 
tensive business organization feel that the move has been 
successful both from the standpoint of the company 
which is now able to pay dividends, and from the stand- 
point of the employees who are able to live a life that 


gives them greater advantages than was possible in New 
York. 
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IS THE VACCINATION OF CATTLE AGAINST 
TUBERCULOSIS A PRACTICAL POS- 
SIBILITY? 


Esmonp R. Lone, University or Cutcaco. 


To be permanently effective a program for the eradi- 
cation of bovine tuberculosis must include more than 
the recognition and elimination of tuberculous cattle. 
There must be some insurance that the disease, once 
eliminated, will not return in as serious or more serious 
form. 

Admitting, as we must, that the plan of tuberculosis 
eradication approved by our municipal, state and federal 
authorities is the only practical method available for 
meeting the present day problem of tuberculosis in cat- 
tle, we must, nevertheless, recognize that if not supple- 
mented by provision for certain definite future prob- 
lems, the plan itself predisposes to danger. 

Briefly, the chief danger is a reduction in the degree 
of racial immunity in cattle. I am sure this is no fan- 
tasy. The approved method calls for the removal of 
all dairy cattle reacting positively to the tuberculin test, 
that is, of all cattle bearing any trace of active tubereu- 
losis, followed by the replacement of these cattle by 
cows which have never had any experience with tubereu- 
losis and are therefore tuberculin-negative. In ordinary 
practice these replacing cattle are in no way selected 
with a view to their resistance to tuberculosis. The re- 
sult may well be the formation of large herds with far 
less native resistance to tuberculosis than the original 
stocks in which a certain percentage of tuberculosis was 
always present. 

The danger which I shall point out may seem hypothet- 
ical, but I can perhaps bring out my point by recalling 
for you the well recognized situation in man. Almost all 
human adults in congested communities react to tubercu- 
lin. They react because they have been infected with 
tuberculosis. Necropsy observations furnish abundant 
confirmation of the results of the tuberculin test. In 
spite of this enormous extent of infection less than 10 
per cent die of the disease. This very fact is sufficient 
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evidence that the human race, as it exists today in well- 
populated centers, has a high resistance to tuberculosis. 

But this has not always been the case. Whereas the 
death rate from tuberculosis today is less than 100 in 
100,000 population in this country, it is not many gener- 
ations since it was three or more times as high. Admit- 
ting immediately that many factors have combined to 
produce this extraordinary decline, and that education 
and improvement in living conditions constitute the 
chief ones, we must nevertheless accord an important 
place to the well known biological phenomenon of the 
survival of the fittest. 

Variability is one of the recognized attributes of ani- 
mal life. Resistance to tuberculosis is a complex of 
many factors, certain of which are under hereditary con- 
trol. These factors vary from individual to individual. 
In the age-long contest between man and tuberculosis 
those individuals well equipped with these hereditary 
factors have lived longer and reproduced more of their 
kind than those poorly equipped. 

Civilized man has come through a long period of this 
slow process of survival of the fittest. The results of the 
process are readily apparent, however, if we compare 
the tuberculosis of the white man of our congested com- 
munities with the type of disease which occurred when 
the Indians, Esquimaux and South Sea Islanders made 
their first acquaintance with tuberculosis. In the one 
case the disease is usually chronic, and first infections, 
if not too large, have a notable tendency to become en- 
capsulated and latent. Less than ten per cent of all in- 
fections in this group progress to fatality, 

In primitive peoples, on the other hand, with no long 
period of survival of the fittest as respects tuberculosis 
behind them, in spite of magnificent physical develop- 
ment, the course of the disease was violent from the 
start, not unlike the tuberculosis we see in guinea pigs 
on experimental infection. An enormous mortality oc- 
curred. Whole communities were wiped out in six 
months’ time. Admittedly, poor hygienic and living con- 
ditions played a part in this frightful severity of the 
disease. Nevertheless a tuberculosis which is chronic 
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occurs in peoples living under hygienic conditions fully 
as bad, but with a history of centuries of slow racial 
immunization behind them. On the whole it is hard to 
escape the impression that the susceptibility of primi- 
tive peoples is largely the result of a lack of that racial 
resistance to tuberculosis which is fostered by the pro- 
cess of survival of the fittest to which I have referred. 
In support of this belief is the fact attested by numer- 
ous competent observers, that tuberculosis among recent- 
ly primitive peoples is showing a distinct tendency now 
to take on the chronic character seen in the white man 
with long historic contact with the disease. 


The relation of this matter of racial immunity in man 
to our cattle problem is easily seen. By eliminating all 
cattle reacting positively to tuberculin, whether they give 
any evidence of putting up a good fight against the dis- 
ease or not, are we not working against the operation of 
the principle of the survival of the fittest, which has 
produced, not a perfect, but a high degree racial resist- 
ance inman? If we eliminate cattle on the basis of mere 
accidental acquisition of-infection, which is all the tuber- 
culin test shows, rather than on the basis of successful 
resistance to the disease, are we doing anything for the 
improvement of racial resistance to the disease? We 
are doing it only if we consciously select for replace- 
ment breeds of cattle of known good native resistance 
to tuberculosis. Such stocks are available. Insofar as 
this is compatible with the selection of good dairy cat- 
tle this seems to me to be an indispensable part of a 
tuberculosis eradication problem. 

Otherwise every tuberculosis-free herd will be con- 
stantly exposed to the menace of a sudden invasion of 
tuberculosis which will sweep through the herd at a far 
more violent rate than ever would occur when a certain 
proportion of the cattle were immune to some degree as 
a result of mild tuberculous infections which they had 
spontaneously brought to the condition of latency. If 
absolutely all cattle tuberculosis could be wiped out, with 
perfect abolishment of all chance for infection, it would 
make no difference whether our cattle had any degree of 
immunity to the disease or not, but I am sure this per- 
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fect freedom from tuberculosis is for many generations 
to come an unattainable condition. 

Lest my position be misunderstood let me say here 
that I am fully aware of the dangers inherent in the use 
for dairy purposes of cattle reacting to tuberculin, and 
am in hearty support of the measures recommended by 
our governmental authorities. The situation in cattle, 
as I see it, is quite different in many respects from that 
obtaining in human beings. The majority of human 
adults react to tuberculin. Only a small fraction are 
spreaders of the disease. The figures available for cat- 
tle indicate that tubercle bacilli are found at some time 
or other in the milk of about 25 per cent of the cattle 
reacting to tuberculin. This high proportion comes 
about as a result of a number of easily understood fac- 
tors. In the first place anatomical proximity of parts 
is such that the cow’s udder is frequently contaminated 
with her droppings, and the latter are almost sure to 
contain tubercle bacilli if there are ulcerative lesions 
in the respiratory or alimentary tracts. 

Secondly the cow is notoriously more subject to tuber- 
culosis of the mammary gland than is the human mother. 
Various investigators have found that in tuberculous 
cattle the udder is grossly infected in 2 to 10 per cent 
of cases. 

Finally there is much evidence that bacilli may be 
excreted in the milk without actual disease of the udder. 
Calmette, for one, is inclined to consider the milk ducts 
one of the routes of natural elimination of bacilli, ex- 
creted thete from the blood stream, just as bacteria are 
excreted in certain infections in man through the kid- 
neys without gross anatomical change. 

Nevertheless, to be fair we must admit that of one 
hundred cattle reacting to the tuberculin test, seventy- 
five are probably no menace as regards the milk supply. 
The positive reaction is due frequently to a single well 
encapsulated, almost healed tubercle in a lymph gland, 
or to a diffieultly recognizable foeus of skin tuberculosis. 
Again, lest I be misunderstood in my position, let me 
say that it is usually impossible to tell either from the 
tuberculin reaction, or physical examination, or both to- 
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gether, whether a reacting cow belongs to the dangerous 
25 per cent or the 75 per cent which do not appear to 
shed bacilli in the milk. The 75 per cent are at least to 
be considered potential spreaders, while non-reacting 
eattle, or at least non-tuberculous cattle, cannot possibly 
spread the disease. With our present knowledge there 
is only one sure way of keeping tubercle bacilli out of 
the milk. To be certain of removing the dangerous 25 
per cent the whole 100 per cent of reactors must be elim- 
inated. 


Nevertheless, as I have tried to bring out, thoughtless 
destruction of cattle without careful selection of the cat- 
tle used for replacement on the basis of resistance to 
tuberculosis, is a short-sighted policy. It will never do 
to fill. up our herds with stocks of low resistance which 
will succumb rapidly before epidemic invasions of the 
disease, comparable to the terrible invasions which 
scourged the Indians, Esquimaux and South Sea Island- 
ers. It will be many generations before it is possible to 
eliminate all centers of infection from which such inva- 
sion might start. With stocks of cattle of low resistance 
to tuberculosis forming. the bulk of our dairy herds, 
prone to rapidly progressive disease, semi-annual tuber- 
culin testing will not begin to be frequent enough to 
detect early cases and remover spreaders of disease from 


the herd. 


I have mentioned careful selection of the replacing 
stock as an indispensable measure against this danger. 
I have also referred to the fact that some protection 
against tuberculosis is afforded by the presence within 
the body of a mild tuberculous lesion which has become 
latent. This at once suggests the matter of vaccination. 
The immunizing effect of a latent infection is well estab- 
lished clinically in man, and there has been abundant 
experimental demonstration of the fact in animals. Vac- 
cination should, therefore, be possible in cattle. If cat- 
tle may accidentally acquire a tuberculous infection and 
overcome it to the extent that it becomes latent while 
at the same time conferring some degree of immunity, 
it should be possible deliberately to cause a small con- 
trolled infection accomplishing the same result. 
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Theoretically this should be possible, but as I am sure 
most of this audience is aware, attempts in this direc- 
tion in the past have for the most part resulted in ad- 
mitted failure. Between 1900 and 1910, under the direc- 
tion of distinguished scientists in several countries, many 
thousands of cattle were ‘‘vaccinated’’ with living tu- 
berele bacilli of the human type, which is of lew virulence 
for cattle. For a time high hope was entertained that 
vaccination was the solution of the cattle tuberculosis 
problem. By 1910, however, most observers were satis- 
fied of two discouraging facts, first, that the protection 
afforded cattle by vaccination with living human type 
tubercle bacilli was transient, seldom lasting more than 
a year, and, second, that a distinct element of danger 
existed in the tendency of the tubercle bacilli injected for 
vaccination, to localize and set up tuberculous lesions 
in the milk glands, thereby creating the most dangerous 
form of tuberculosis, rather than preventing it. 

On the whole, after thousands of cattle had been sub- 
jected to vaccination experimentation in Germany, 
France, England, the United States, Italy, Hungary, 
Denmark and other countries, the results were profound- 
ly discouraging, and most competent authorities came to 
the conclusion that it was safer not to vaccinate cattle. 

Nevertheless several notable attempts to vaccinate 
cattle are still in progress. The best known and empiric- 
ally most impressive of these is that of Calmette in 
France. This investigator has reduced the virulence of 
a strain of tubercle bacilli by years of growth on a 
medium containing bile, so that now this bacillus, even 
on injection in quantities of several centigrams, is said 
to be absolutely harmless. However, according to Cal- 
mette, the bacillus has preserved its capacity to stimu- 
late specific resistance to tuberculosis. So sure is Cal- 
mette of both its non-virulence and its immunity pro- 
moting quality, that he has sponsored the vaccination 
of thousands of new-born infants in France and the 
French colonies in recent months. At least a thousand 
cattle have been vaccinated also. The results reported 
so far, as respects resistance to natural infection in the 
vaccinated cattle and children, are very encouraging. 
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However, we must not forget that the best sounding 
methods must meet success in the hands of more than 
one individual before their merit can be recognized for 
certainty. This statement applies to the Calmette as 
well as other methods. And it is much to be hoped that 
the Calmette method will soon have the extensive trial 
in this country which the distinguished character of its 
originator warrants. 

In principle the Calmette method has much to recom- 
mend it. It is like the methods which proved so fruit- 
ful in the hands of Pasteur in the field of protective in- 
oculation, where attenuation of microbes rendered the 
procedure safe. Only elaborate trial, however, can ever 
prove the safety and simultaneous effectiveness of any 
procedure of this character. 

This means that much scientific research on the prob- 
lem is desirable. We are making a great mistake if we 
recognize the fact that mild infection confers some im- 
munity and fail to carry on research directed toward 
safe but efficient protective immunization based on this 
principle. 

One per cent of the enormous sums appropriated an- 
nually as indemnification for slaughtered cattle would 
adequately finance an able investigation of the prob- 
lem. The vaccination of cattle with living tubercle 
bacilli of reduced virulence will probably some day be 
found practical, but this situation will be reached only 
by exhaustive research. Killed tubercle bacilli certain- 
ly are not effective for the purpose. The ideal situation 
toward which effort should be directed, is vaccination of 
herds of cattle, which must be quite free from tuber- 
culosis to begin with, with living organisms producing 
a localized, non-progressing tubercle. It will not prove 
easy to limit the vaccinating tuberculosis to precisely 
this extent, but it will probably ultimately prove pos- 
sible. The achievement would be of such enormous 
value that its quest is well worth the hazard of a good 
deal of money for research. 
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MILK CONTROL IN ILLINOIS. 


Tuomas G. Huuz, Cuter Bacrerrovocist, Inurois De- 
PARTMENT OF Pusiic Heatru, SPRINGFIELD. 


The problem of proper control and regulation of a 
milk supply presents so many different angles and is in- 
dulged in by so many different agencies that consider- 
able misunderstanding is sometimes the end result. The 
lack of appreciation on the part of one group, of the ef- 
forts of another group, or the inability to comprehend 
the magnitude of the problem as a whole has often !ed 
to discord and grief. 


There are two factors concerned in milk control,— 
regulatory measures and educational measures. Reg- 
ulatory measures are concerned mostly with matters of 
fraud; they are necessary to prevent a small minority 
of dairymen and dealers from practicing unfair methods. 
Such measures however are never progressive. Of ne- 
cessity there is a certain lag between the advancement 


of dairy science and regulatory measures concerning the 
industry. For the improvement of a milk supply, there- 
fore, educational measures must be relied upon, whereby 
voluntary and self-imposed regulations and precautions 
are important factors. 


The federal government is concerned with the better- 
ment. of milk supplies in two ways. The county farm 
advisors take a more or less active part in educational 
work according to the locality, whether essentially dairy- 
ing or not, and according to the personal interests of 
the individual advisor. The federal government also 
spends about $300,000 annually in Illinois, in co-opera- 
tion with the State Department of Agriculture for the 
eradication of bovine tuberculosis. 


The State government functions through its various 
departments and the universities as follows: 
DEPARTMENT OF AGRICULTURE. 


Animal Industry—tuberculosis testing. 
Dairy Husbandry—educational work. 
Foods and Dairies—regulatory work. 
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DEPARTMENT OF PUBLIC HEALTH. 
Sanitary Engineering—pasteurizing plants. 
Communicable Diseases—prevention of milk borne epidemics. 
Laboratories—laboratorial examinations. 
All Divisions—educational program. 


UNIVERSITY OF ILLINOIS. 
Research and Educational programs. 


The department of Agriculture is naturally interested 
in milk from the economic standpoint, and numerous 
laws and regulations are enforced by them. 

The Division of Animal Husbandry, in co-operation 
with the federal government, is attempting to eradicate 
bovine tuberculosis. Two counties are already free from 
the disease. The present state appropriation is $1,000,- 
000 annually for the reimbursement of farmers for ani- 
mals killed, the state and federal government each pay- 
ing a third and the farmer taking a third of the loss. 


The agricultural interests usually regard bovine tuber- 
culosis as an economic problem entirely without public 
health significance, and legislation from that view point 
was enacted in 1911 and is still in effect: ‘‘Be it enacted 
by the people of the State of Illinois, represented in the 
General Assembly: That it shall be unlawful for any 
city, village, incorporated town, county or other corpor- 
ate authority in the State of Illinois by ordinance, rule 
or regulation other than may be established by the law 
of this state, to demand, fix, establish or require the 
tuberculin test to be applied to dairy animals as a means 
or measure of regulating and purifying milk, skimmed 
milk, cream and dairy products of said animals in any 
manner whatever, and every such ordinance, rule, by-law 
or regulation heretofore or hereafter passed, demanded, 
fixed, established or required by any such authority 
other than the State of Illinois, is hereby declared to be 
void and of no effect.’’ 

From many studies, however, it appears that bovine 
tuberculosis is a public health problem. In New York 
City, Dr. Park found among children suffering from 
tuberculosis, 25 per cent were infected with the bovine 
type of organisms. Ordinary market milk may contain 
large numbers of tubercle bacilli, from 10 per cent of the 
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samples as shown in studies in Chicago and Washington 
to 50 per cent in New Haven. Without efficient pasteur- 
ization, therefore, such milk is an actual menace. 

The Division of Dairy Husbandry is engaged in an 
educational program for the more economical produc- 
tion of dairy products, for the production of a better 
quality of dairy products and for the encouragement of 
a greater per capita consumption. Meetings of dairy- 
men are held, literature is distributed, and co-operative 
programs with the various dairying interests are car- 
ried out. The Division consists of a superintendent, a 
secretary and a such additional help as may be required 
from time to time. 

The Division of Foods and Dairies is voncerned chiefly 
with regulatory measures. It administers numerous 
laws dealing with stock foods, fertilizers, paints and oils 
as well as food for human consumption, so that only a 
part of its activities are devoted to milk. The Dairy 
and Food law contains a dozen provisions in regard to 
milk and milk products such as adulteration, labelling 
skim milk, testing for butter fat, licensing, ete. This 
is amplified by other laws, such as the Sanitary Inspec- 
tion of Establishments, Dairy Products Frauds, Regu- 
lating the use of words ‘‘Butter’’, ‘‘Cream’’ and 
‘‘Dairy’’, as well as various rules and regulations. 
About forty inspectors, eighteen chemists, and two bac- 
teriologists besides the necessary clerks and assistants, 
devote their time to this work. 

The State Department of Public Health is charged 
with the dyty of safety in milk. Products that might 
pass the requirements of the Department of Agriculture 
may be condemned by the Department of Public Health 
and vice versa. 

With the exception of the ordinance in regard to pas- 
teurizing plants, no regulatory measures have been 
promulgated other than rules and regulations regarding 
the handling of milk where contagious diseases exist. 
Practically all of the work of the State Department of 
Public Health is of an educational nature, even where 
regulatory laws exist. 
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The Division of Sanitary Engineering enforces the 
Milk Pasteurization Plant Law passed by the legislature 
in 1925. For several years the Department has been 
actively promoting an educational campaign for the use 
of pasteurized milk as a means of safety from contagious 
disease. It was found upon investigation that many con- 
cerns were capitalizing this propaganda without fur- 
nishing absolutely safe milk. In few instances was there 
intentional fraud, but more often a lack of appreciation 
of many details in the operation of the plant. The Milk 
Pasteurization Plant Law defines pasteurization and 
gives the State Department of Public Health authority 
to inspect plants, to make minimum requirements for 
their operation and to prohibit the term ‘‘pasteurized’’ 
on milk that is not properly treated. Considerable time 
will be necessary to educate the plant operators and 
allow them opportunity to replace faulty equipment. 
The program will be accomplished through educational 
efforts to use the teeth of the law only in exceptional 
instances of willful neglect. 

The Division of Communicable Diseases promulgates 
and enforces rules and regulations for handling milk on 
premises where contagious diseases exist. This super- 
vision extends from the farm, where regulations are 
made for handling and disposing of milk under such 
conditions, to the consumer, who is prohibited from re- 
turning milk bottles, except as specified. Many investi- 
gations are made of milk borne epidemics and the source 
of the disease discovered and eliminated as a future 
menace. Since willful contamination of milk with dis- 
ease organisms seldom exists, the campaign is entirely 
educational in nature. Usually the offending party is 
entirely ignorant of his part in the epidemic. Eight dis- 
trict health superintendents and two quarantine officers 
are available for this work as calls arise. 

The Division of Laboratories is empowered by the 
Civil Administrative Code ‘‘to make examinations of 
milk,’’ etc. ‘‘as may be deemed necessary for the pro- 
tection of the people of the State.’’ The activities of 
the Division are entirely educational in character. From 
time to time a bacteriologist has been sent to various 
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cities to make a complete check on the milk supply, with 
the hope of improving its safety. Assistance has been 
lent to the Division of Communicable Diseases in solv- 
ing the cause of epidemics and to the Division of Sani- 
tary Engineering in checking pasteurization plants. In 
regard to the latter work, money has been appropriated 
for the establishment of a complete laboratory mounted 
upon an automobile truck, which can travel from one 
community to another. 

In 1922 the State Department of Public Health initi- 
ated an educational program for the improvement of 
milk supplies, especially through pasteurization. With 
the assistance of various other interested agencies, a 
milk ordinance was formulated which would be applicable 
to the smaller cities of the state. To date 54 cities have 
passed this ordinance. 

The University of [Illinois assists very materially in 
the improvement of milk through its educational pro- 
grams. While the various departments of the University 
have less direct contact with the milk industry than do 
the other state agencies, they exert a tremendous effect 
for the good. 

Municipal control of milk supplies consists of enfore- 
ing the various state laws and regulations, supplemented 
by such local ordinances as may be passed. In every 
instance authority for such work is vested in the local 
health department. There are a few instances of very 
excellent municipal milk control and several instances 
of great neglect. 

The city of Chicago has a very excellent milk supply. 
For the past ten years it has been pasteurized, with the 
exception of certified milk, while v ery recently steps have 
been taken to insure its production from cattle free from 
tuberculosis. Not only are frequent inspections of dairy 
plants made but a force of men is available for farm in- 
spections where necessary. According to the last avail- 
able report 25 inspectors were assigned to this work. 
Many hundreds of samples of milk are examined in the 
Chicago public health laboratory. 

Cities outside of Chicago exhibit a varying amount of 
interest in the quality of their milk supplies. Rockford 
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has two full time food and milk inspectors, a good labora- 
tory and a well defined educational program, while Cicero 
has neither a food and milk inspector nor a laboratory. 
From a recent survey on health activities in Illinois 
cities of 10,000 inhabitants or over, the following in- 
formation is taken. 

Food and Milk Inspectors. Laboratory. 


Rockford 2 full time Yes. 
Peoria 1% full time Yes. 
Evanston 1 full time Yes. 
Springfield 1 full time Yes. 

1 full time Yes. 

1 part time Yes. 

1 part time Yes. 
Oak Park 1 part time Yes. 
Bloomington 1 full time No. 
East St. Louis 1 full time No. 


Other cities of this class reported very little activity 
in the matter of milk regulation. 

The most worth while control is that obtained through 
the activities of the dairy interests themselves. Almost 
without exception such self-imposed regulations are 


more stringent than the law requires. The larger dairy- 
ing concerns spend immense sums of money for the im- 
provement of their products. For instance, the Bordens 
Farm Products Co. of Illinois reports the following. 


“(a) MILK PRODUCTION FIELD: 


1. Carrying out the various sections of the ordinances of the City 
of Chicago pertaining to milk production on the farm. 

2. Veterinary, physical and sanitary inspection of all dairy herds 
and buildings on the farm. 

3. Local lay sanitary inspection of all dairy herds and buildings. 

4. Laboratory control of production by finding abnormal condi- 
tions and cooperating with farmer toward correction. 


“(b) SALES FIELD: 


1. Educational work in schools, clubs and civic bodies toward 
greater sales of the farmer’s product. 

2. Lecture work at any point where assistance may be rendered. 

3. Furnish literature on milk to libraries, schools, etc.” 


In Rockford all pasteurizing plants pay for milk not 
only on the basis of butter fat, but also on the absence 
of dirt. The installation of apparatus for the reductase 
test is contemplated so that the quality of milk may still 
further be determined. In Springfield, 95% of the milk 
is not only pasteurized but is also obtained from tuber- 
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culin tested cattle, this being accomplished by the dairy 
interests themselves without regulatory stimulation. In 
most of the cities of the state from 50 per cent to 95 per 
cent of the milk is pasteurized, and thus rendered safe 
by the efforts of the dairy interests. Credit must also 
be given to such concerns as the Frederick C. Mathews 
Co. for very extensive educational programs in connec- 
tion with their other work and the various associations 
of persons interested in the milk industry. It is much 
to the discredit of certain manufacturers of apparatus 
that they allow their short sighted commercial instincts 
to overcome better judgment and sell to dairymen appa- 
ratus that complies neither with the latest advances of 
scientific knowledge nor the law and which must be re- 
placed at great expense to the dairyman as soon as an 
inspector visits the plant. 

Recapitulation: The federal government is co-oper- 
ating with the State for the eradication of bovine tuber- 
culosis as an economic measure, greatly to the advantage 
of public health; the State Department of Agriculture 
administers numerous regulatory measures from the 
economic standpoint, while the State Department of 
Public Health is concerned with an educational campaign 
for safe milk; several cities in the State amplify the 
above activities by regulation of their own; the milk in- 
dustry itself is expending large sums of money for super- 
vision of its product. 

The next step in the milk campaign is an improved raw 
supply. This will be obtained by the combined efforts 
of State and city authorities together with the producer 
and the distributor all working together. 
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THE CONTROL OF THE SANITARY QUALITY OF 
A MUNICIPAL MILK SUPPLY. 


George W. Putnam, DepartMENT OF Heattu, CHICAGO 


The control of the sanitary quality of a municipal milk 
supply, to be continuously effective and successful, must 
be based upon the intelligent utilization of three com- 
pelling factors, namely, education, competition and legal 
force. While a milk sanitation ordinance must, of 
course, be technically sound, it is equally important that 
its provisions be such that full utilization is made of 
these three compelling human factors, so that it can be 
successfully administered with a practical expenditure 
of time and money, and in a manner which will sustain 
public interest in its continued enforcement. 

The mortality rate among municipal milk ordinances 
has been exceedingly high in the past. It is safe to say 
that where one city milk ordinance has been successful 
in its operation, two have been repealed, forgotten or 
indifferently enforced. The reason for this is not so 
much that the technical provisions were not sound, 
although there is a confusing lack of uniformity in them 
in various ordinances, but rather for the reason that 
they were drawn up on the assumption that a milk sup- 
ply could be successfully safeguarded by legislation 
alone. Legal force is an essential, but should follow edu- 
cation and competition, rather than precede them, in the 
work of effectively controlling a milk supply. 

In many instances, the dairy industry has looked upon 
a milk ordinance as the basis for a campaign of prose- 
cution against it, due to the fact that the effort has been 
to force it into complying with the provisions of the 
ordinance by threats of prosecution. This makes the 
dairy farmer antagonistic at the start, so that he will 
not carry out, whole-heartedly, the sanitary routine pre- 
scribed, by the ordinance, but will ‘‘spruce up’’ only when 
his neighbor ’phones him the inspector is in the vicinity. 
To secure real and lasting cooperation from the dairy- 
man, an educational program must be undertaken to con- 
vince him that the sanitary precautions he is asked to 
take, in producing milk for a municipal supply, benefit 
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him by improving the flavor, cleanliness and keeping 
qualities of the milk; that this will increase its market 
value over what he can secure for milk sold for butter 
or cheese making or condensing; and that the successful 
operation of the milk ordinance will increase milk con- 
sumption with direct benefit to the dairyman who com- 
plies with its provisions. 

Authoritative data are available, showing that the 
adoption and enforcement of a milk ordinance in a thor- 
oughly constructive manner has resulted in an increased 
milk consumption of from 15 to 35 per cent in two years’ 
time, due to the increased confidence of the public in the 
cleanliness and safety of the supply. The recent action 
of the Chicago Department of Health, in requiring all 
milk to come from tuberculin tested herds, was followed 
immediately by an appreciable increase in milk consump- 
tion in Chicago, estimated at 10 per cent. 

Bacterial counts may be somewhat difficult for the 
dairyman to appreciate at first, but he can readily real- 
ize their importance when he understands that the sour- 
ing is produced by bacteria breaking down the lactose 
sugar in the milk, thus increasing the acidity, and that 
sanitary methods of producing and handling greatly re- 
duce the number of these bacteria in the milk and as a 
result its keeping qualities are much improved. This 
was conclusively demonstrated by a series of tests con- 
ducted by the Board of Health of Ontario, in which milk 
was produced in the same dairy under different condi- 
tions and tested to determine the time which it took to 
sour at room temperatures. The point of souring was 
taken as an acidity of 0.35 per cent, at which point milk 
possesses an odor and is no longer salable. 

In one experiment samples of milk were collected, di- 
rectly after milking, from two pails, one of which had 
been thoroughly sterilized by stéam and the other 
washed, rinsed in hot water, inverted and allowed to dry. 
The results of thirteen tests showed that the milk in the 
steam-sterilized pails remained sweet 60 per cent longer 
than that from those only washed and rinsed. Two 
cows were tested under similar conditions except that 
the flanks and udder of one were thoroughly brushed and 
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wiped with a damp cloth some time prior to milking. No 
special attention was given to the cleaning of the other. 
The milking was done in sterile pails. Nine tests showed 
that the milk from the cleaned cow remained sweet 46 
per cent longer than that from the uncleaned cow. 

Similar comparisons showed the benefit of other sani- 
tation requirements, such as dry hand milking, and the 
thorough steam sterilization of milk cans and bottles. 
Edueational data of this nature will help to convince 
the dairyman of the practical value of sanitary methods 
of producting and handling milk. 

The dairy farm inspectors of the Chicago Department 
of Health are instructed to take time to explain to the 
farmer the necessity of the different requirements in 
producing clean wholesome milk. Thirty minutes of 
friendly, helpful suggestions will often accomplish more 
than seyeral hours consumed in formal score card in- 
spections and notices of violations. 

The Chicago Department of Health recently under- 
took a program of improved pasteurization plant super- 
vision, in which the first step was to demonstrate to the 
plant owners and equipment manufacturers that certain 
sanitary defects had been overlooked in the past which 
had prevented complete pasteurization of all the milk. 
By this means alone the majority of the owners are will- 
ing to make the necessary improvements as they see that 
they will benefit them in securing more positive pasteur- 
ization of the milk. 

A few of the results being accomplished under this 
program include: 

1. The elimination of pockets of unpasteurized milk 
in the outlet pipe of pasteurizer holders by the installa- 
tion of flush type valves. 

2. The installation of leak protector valves to waste 
unpasteurized leakage which inevitably occurs sooner or 
later from milk valves. 

3. The elimination of foam in the pasteurizer holder 
which is not heated as rapidly or as high as the milk it- 
self, with the result that it is not properly pasteurized. 

4. The installation of covers or shields on open cool- 
ers and the tops of automatic fillers to protect the milk 
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from flies at all exposed points between the pasteurizer 
holder and milk bottle. 

Failure to eliminate these defects has resulted in in- 
complete pasteurization of portions of the milk, in which 
any pathogenic bacteria, if present, remained unde- 
stroyed and seeded the pasteurized milk when it was 
withdrawn from the holder. 

The U. 8. Public Health Service has considered fur- 
ther research on pasteurization equipment important 
and, fortunately for Illinois, has located its testing sta- 
tion in Chicago, where the findings can be given imme- 
diate application in further improving the effectiveness 
of pasteurization. 

The educational work should extend also to the public, 
for no milk sanitation program can be successfully and 
permanently enforced without the intelligent and sympa- 
thetic support of the milk-consuming public. -The in- 
creased use of milk should be encouraged, emphasizing 
its value as the most nearly perfect of all foods. The 
use of the highest grade of pasteurized milk available 
should be recommended as offering the cleanest, most 
wholesome milk, having the maximum degree of safety. 
The ordinance should require the grade of milk sold 
by each dairyman to be published at least quarterly, and 
to be printed on the bottle caps to serve as a constant 
reminder to the housewife of the quality of the milk she 
purchases, and the service rendered by the city in in- 
specting, sampling and grading the milk supply. 

The second compelling factor which must be used in 
controlling the quality of a milk supply is competition. 
People buy milk on the basis of cream line, taste, clean- 
liness and published grades. The cream line is a mis- 
taken, but practically universal yard stick to the ma- 
jority of consumers in selecting their milk supply. How- 
ever, it is not destroyed by pasteurization when care- 
fully conducted. The taste and cleanliness or freedom 
from sediment, are better criterions of the sanitary qual- 
ity. It is here that the dairymen producing and hand- 
ling their milk in a sanitary manner from cow to bottle 
get their reward in part, in that their milk will be in 
demand because of its better taste and cleanliness. Their 
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final reward comes, however, in the endorsement of the 
Health Department of official grades or ratings which 
give the public confidence in the high quality and safety 
of the supply. 

An ordinance establishing several grades of milk does 
not attempt to legislate any milk off the market, but 
gives each dairy a grade based upon both bacterial 
counts of the milk and the sanitary conditions and meth- 
ods at the dairy. The majority of the people will buy 
the highest grade of milk and the dairyman with a low 
grade loses business, which acts as a powerful incentive 
to improve and get a better grade. In one city where 
the grading ordinance, suggested as a standard ordi- 
nance by the U. S. Public Health Service, was adopted, 
this factor of competition, together with a thorough edu- 
cational campaign, increased the volume of Grade A 
milk from 10 per cent to 80 per cent in six months’ time. 
The use of a standard milk ordinance by municipalities 
has the advantage in that the state can rate the towns 
by brief surveys, and a spirit of competition among the 
health officers or city milk inspectors is aroused, pre- 
venting the enforcement of the milk ordinance from be- 
ing dropped after the first flush of enthusiasm has waned. 
States using the U. S. Public Health Service standard 
ordinarice are even now being rated by them as to the 
results in their municipalities, with resultant benefit in 
improving the state’s milk sanitation program. 

The suggested standard ordinance provides for four 
grades of raw milk and three of pasteurized. When 
full advantage has been taken aof the factors of compe- 
tition and education, so that a large percentage of the 
supply is either pasteurized or grade A raw, steps can 
be taken to limit the scale of milk to these grades, and 
later to pasteurized milk only. A milk sanitation pro- 
gram is only fifty per cent effective if it merely improves 
the quality of the raw milk, for there is danger of sick- 
ness and epidemics from a raw milk supply, regardless 
of an ordinance, as experience with typhoid epidemics 
has shown. The program is 100 per cent effective only 
when it encourages the consumption of pasteurized milk; 
provides adequate supervision to secure proper pasteur- 
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ization, and finally establishes a completely pasteurized 
supply. 

In Chicago, many years of work on the improvement 
of the milk supply have caused the gradual elimination 
of all but a single high grade of pasteurized milk, all of 
which comes from tuberculin tested cattle. 

The third requisite of the successful control of a milk 
supply is legal force, used in an honest, unprejudiced 
and aggressive manner in those remaining instances 
where education and competition have failed to accom- 
plish improvement. A program can be seriously hamp- 
ered by political interference, for this destroys morale 
all along the line. Here again the adoption of a stand- 
ard ordinance, in which the state and government can 
cooperate in the ratings, stabilizes and gains prestige for 
the whole milk sanitation program, so that political in- 
terference is negligible. Happily, the work of the Chi- 
eago Health Department has gained such prestige and 
popularity with the citizens that it is not hampered in 
this manner. 

In conclusion, to be continuously effective, control 
must be based upon the intelligent utilization of three 
factors, education, competition and legal force. Many 
milk ordinances have been unsuccessful, due to the fact 
that they relied on legislation alone. The dairyman must 
be educated to appreciate that the sanitary precautions, 
required by an ordinance, improve the flavor, cleanli- 
ness and keeping qualities of the milk, increasing its 
market value, and that a properly enforced milk ordin- 
ance increases milk consumption. — 

An ordinance should take full advantage of the force 
of competition in bringing about improved production 
and handling of market milk by incorporating grading 
features which stimulate the dairymen to improve so as 
to secure the highest possible grade. 

Legal force is an essential requisite for control and 
should be used in a strictly unprejudiced, intelligent and 
aggressive manner in cases where education and com- 
petition fail to accomplish satisfactory resuits. 

Grorce W. Putnam, 
April 29, 1926. 
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B. WELCHII IN THE CHICAGO WATER SUPPLY. 


Artuur E. Gorman, Frank FE. Greer ann H. J. Huavacer, 
DepaRTMENT OF Pustic Works anp DEPARTMENT 
or Heauru, Cuicaco. 


The proposition of eliminating all gas forming organ- 
5 z 5 


isms in a public water supply while unquestionably de- 


sirable from the health officer’s view point may make 
treatment by chlorine very offensive to the consuming 
public. This fact is most pointedly emphasized in Chi- 
cago where bacillus welchii and other resistant gas form- 
ers appear seasonally in the public water supply but 
apparently have little if any public health significance 
other than to mask the results of the presumptive tests 
from B. coli and, therefore, require the use of more 
chlorine than would be considered necessary if the time 
and temperature effect of this chemical and organisms 
of the B. coli group were better understood. The sud- 
den appearance of these chlorine resistant organisms at 
about the time the ice fields in Lake Michigan off Chi- 
cago were breaking up this winter suggested to the auth- 
ors the possibility of a relationship between these fac- 
tors, which has been studied and may be of interest to 
this group. 

The public water supply of the city of Chicago is ob- 
tained through six intake cribs located in Lake Michi- 
gan opposite the city at points from two to four miles 
from shore. The only treatment which the lake water 
receives before being delivered from the pumps directly 
into the distribution system is for disinfection, using 
chlorine. This chemical in solution is applied in the 
suction wells at each of the ten pumping stations. At 
one of the cribs, the Two-Mile, the water is pre-chlori- 
nated. 

The period of contact between the chlorine and the 
water before the latter enters the mains for public con- 
sumption is very short. The minimum period is 16 sec- 
onds, while the maximum is about two minutes. The 
average period of contact is about three-quarters of a 
minute. On account of this short period of contact there 
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are times, when in order to deliver a safe water it is 
necessary to add chlorine in amounts which cause dis- 
tinct tastes in the water. These periods are fortunately 
relatively short in duration, occurring usually for a few 
days only and following strong southerly winds. 

The quantity of chlorine used for disinfecting Chi- 
cago’s water supply is considerably more than would be 
necessary if it were not for this brief period of contact 
between the sterilizing agent and the water to be disin- 
fected. The average daily chlorine dosage per million 
gallons of water pumped was 3.61 pounds in 1924 and 3.3 
pounds in 1925. The maximum dosages for brief periods 
may be as high as 6 pounds per million gallons at cer- 
tain stations. The minimum is as low as 1%4 pound, de- 
pending upon the quality of the lake water. It will be 
seen, therefore, that the problem of disinfecting the pub- 
lic water supply in Chicago is a difficult one if a safe 
water is to be assured without rendering the water ob- 
jectionable to drink. 

In spite of these relatively large amounts of chlorine 
there are periods of the year when, based on the results 
of presumptive tests for organisms of the B. coli group, 
the chlorinated water in Chicago would not meet recog- 
nized standards. This is due to the existence of rela- 
tively large numbers of non-confirming spore formers, 
some of which may be normal to the lake waters. Ex- 
perience has shown that these resistant forms are ap- 
parently of little public health significance and that to 
endeavor to eliminate them by the use of increased 
amounts of chlorine is not justifiable. Difficulty with 
these organisms invariably follows storm periods on the 
lake when, due to the violent wave action light flaky sedi- 
ment on the bottom of the lake is brought into suspension 
in the water. This condition is particularly prevalent 
in the late winter and early spring months when strong 
northerly winds are most frequent. 

On account of the large amount of filling material de- 
posited along the lake front, in connection with park 
improvement projects, and the formation in the winter 
of huge ice banks along the water edge this winter, it 
was decided to study the effect of the movement of ice 
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fields on the presence of those gas forming organisms 
in the lake water. It was thought that with the separa- 
tion of these*huge ice cakes from the shore line and their 
drifting into the lake in the vicinity of the cribs there 
might be a marked increase in the developinent of spore 
formers in the lake water, since laboratory examination 
of shore ice had indicated the presence of large numbers 
of B. welchii and other resistant organisms in the ice. 
Samples were, therefore, collected over three periods, 
viz: February 24 to March 16, when the waters in the 
vicinity of the cribs were more or less filled with float- 
ing ice or ice fields; second, from March 18 to April 1 


’ 


when the waters of the lake were open and moderately 
choppy, and third, from April 1 to April 16, when the 
lake waters were open but highly turbid (for Lake Mich- 
igan) due to the influence of strong winds. 

The samples were collected from the routine sampling 
points in the tunnel system from which the daily bacter- 
ial and turbidity samples of the unchlorinated water sup- 


ply are obtained. The results are tabulated in the three 
accompanying tables and are given on the basis of the 
number of B. welchii per 100 ¢.c. of sample, although 
the amount of water actually used in the analysis was 
20 ¢.c. The samples were analyzed in the water analysis 
laboratory of the Bureau of Laboratories and Research, 
Chicago Department of Health. The method used is the 
sulphite-glucose-iron medium, as published by Wilson & 
Blair... The colonies counted in this media are black. 
This is because of the production of iron sulphide around 
the colonies, which indicates the presence of a hydrogen 
sulphide producer that can break down ferric sulphite 
into the black ferric sulphide. In water practically the 
only organisms present that produces these black colon- 
ies are B. welchii and fecal streptococci. There is a 
marked difference in the size of the black colonies pro- 
duced by these organisms, the B. welchii producing large 
colonies and the fecal streptococci small ones. In the 
plate made with the sample of raw water examined in 
the laboratory practically all of the black colonies pro- 
duced were of the large B. welchii type. The significance 


. Wilson & Blair: J. Patti and Bact (1924) XXVII P. 119. 
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of the presence of numbers of B. welchii in water is in 
much debate, but it is thought that in such water as the 
public supply of Chicago they may display indications 
of fecal contamination. 

In the accompanying tables the direction and velocity 
of the wind, the condition of the lake and the average 
turbidity of the water for the days samples were collect- 
ed are given for reference purposes. It was thought ad- 
visable to give the turbidity of the Two-mile crib waters 
as well as the average turbidity of the water from all 
cribs, because this structure is located but two miles 
from shore and water entering this intake is not consid- 
ered representative of that from other cribs. Further- 
more, the water supplied from this inlet is pre-chlorin- 
ated at the crib, so that the results of samples collected 
are hardly comparable as those from the other sources. 

The results from various sampling points in the tun- 
nel system have been grouped by the crib served, with 
averages compiled for each crib. The 68th Street crib 
is not included, as it was out of service during this per- 
iod. 

While it is realized that these studies were made over 
too brief a period to permit of a detailed analysis of 
conditions, it is thought that they do bring out factors 
which are of interest to water works and health officials. 
It will be noted that in general the average results by 
groups for each of the three periods are quite uniform, 
with those in the second period lowest and those in the 
third or period of greatest turbidity, highest. It appears 
that the most important factor relating to B. welchii con- 
tamination of the waters in the vicinity of the intakes are 
those influences causing high turbidities, such as violent 
wave action due to strong and prolonged winds. The 
average results show no marked variations between the 
North and South side groups. The best results are re- 
ported from the Four-Mile crib, which is the most dis- 
tant from shore and in whose vicinity the waters are 
usually the least turbid. During the period when ice 
fields were prevalent in the lake waters the average tur- 
bidity was slightly lower than during the second period 
of open water, although the average velocity of the wind 
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was higher. The presence of B. welchii in the water 
during the ice period was considerably higher than in 
the second period or the first one of open waters. Con- 
sidering the amount of dirt which becomes enmeshed in 
the ice banks along the shore there is the suggestion 
that floating ice fields may be an influencing factor con- 
tributing to the high B. welchii contamination of the 
water, but this is considered by no means as important 
as the influence of those factors affecting the turbidity 
of the water, such has violent wave action due to winds. 
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MOSQUITO AND MALARIA CONTROL IN 
ILLINOIS. 


AwnsELmo F. Dappert anp J. Lyett CLARKE, 
Assistant Sanitary ENGINEERS, 
State DepartMENT oF Pusitic Heattru, SprINGFIELD. 


In 1924 a paper on mosquito and malaria control was 
read before this Society,* presenting some of the phases 
of the work including a discussion of malaria distribu- 
tion in the State, the life history of mosquitoes, meth- 
ods of mosquito control, and an outline of two malaria 
control projects which were carried out under the super- 
vision of the State Department of Public Health. A 
brief review of the former paper will facilitate a clearer 
understanding of the present discussion inasmuch as 
the contents of this paper are somewhat of a continua- 
tion of the former article considered in the light of more 
advanced and accurate data obtained from a rapid ex- 
pansion of this important and now clearly recognized 
public health activity. 

In the former paper it was shown that although mos- 
quitoes were quite widely distributed over the entire 
State, malaria was confined principally to the ‘‘malaria 
belt’’ comprising the southern 12 counties in Illinois. It 
was shown that some counties were suffering 3,000 or 
more cases of malaria each year and that the annual 
economic losses due to the disease in such counties were 
in excess of a quarter of a million dollars. A brief his- 
tory of the development of malaria and mosquito con- 
trol in Illinois was given, beginning with the original 
warning published in the Illinois Health News in 1916 
and following through the successive steps including the 
request by the Southern Illinois Medical Society and in- 
vestigations by the State Natural History Survey thet 
led to the establishment of the first effective anti-malaria 
and mosquito campaign at Carbondale in 1922. A dis- 
cussion of the mosquito, its life habits and the various 
methods of control was given in considerable detail and 


* Mosquito and Malaria Control in Illinois, by Harry F. Ferguson, Chief 
Sanitary Engineer, State Department of Public Health. Trans. Ill State 
Acad. Science, Vol. XVII, p. 279. 
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the details of the work at Carbondale and Belleville were 
presented. 

The purpose of this paper is to point out the progress 
which the work has made in this State, to review briefly 
the results of the several projects carried on since 1922 
and to present the information obtained by a recent rural 
malaria survey in southern Illinois which indicates the 
seriousness of the problem yet remaining. No time will 
be devoted to the discussion of malaria and mosquito, 
methods of control or other similar matters that are al- 


ready quite well understood by the members of this so- 
ciety. 


PROGRESS OF MALARIA AND MOSQUITO CONTROL IN ILLINOIS, 


The advance made in malaria and mosquito control 
since its inception in 1922 is admirably reflected by a 
brief chronological outline of the different projects car- 
ried on up to the present time. The fact that most of 
these projects have been started only.as a result of ac- 


tive promotional efforts on the part of the State De- 
partment of Public Health plus financial assistance for 
the first season’s work by the International Health 
Board and have been continued from year to year only 
by reason of the results obtained by the first season’s 
work is encouraging from the standpoint of extending 
the work to other cities and areas where mosquitoes or 
malaria constitute a. problem. Carbondale, for instance 
is now beginning its fifth consecutive year of mosquito 
control. The fact that this city has continued the work 
from year to year is a rather conclusive testimonial as 
to the effectivness of the work. 

In the projects included in the tabulation mosquito 
control has been effectively accomplished by the applica- 
tion of drainage, oiling, paris green, clearing, fish con- 
trol and inspection measures, adapted and varied to meet 
the particular needs. The essential data relative to these 
projects is given in the accompanying table. 

It is to be noted that the foregoing projects are all 
town or city projects where effective mosquito control 
can be accomplished with a relatively small expenditure 
of money. No projects have yet been undertaken in the 














355 


PAPERS ON MEDICINE AND PUBLIC HEALTH 


1013U09 JO UO;JONpOIjUT 0} SNOJAeid AB9A UT 








‘UOTJVULIOJUT P2eTTVIEep ON ‘sz10de1 s{qQeBIOARY 
‘UOTPVULIOJUL P2TTeIEep ON ‘sju0de1 s[qRIOABy 
‘UOTJBULIOJUL P2X[I¥e}ep ON ‘sjs0de1 s[qeI0ARy 
‘UOT BULIOJUT ON 
“UOTJ BULIOJUT ON 


‘uo;}BULIOJUT ON 

“uO;}BUIIOJUT ON 

‘o0foid e0UuRvsSINN 

‘uO!}BULIOJUT ON 
‘pezyusAoid 

‘yoefoad eOUBSINN 
*‘peonp 

‘yoefoid souRsInNN 
*peonp 

‘yoefoid 9ouRSsINN 
“peonp 

‘yoefoid souReSsINN 

eouesInu ONbsoW 

eouRsInu OIINdDsoW; 

eouesInu oOo NbDsow; 
“‘paueaeid 

‘yoefoad eOURSINN 

eouBvsiInu oNbsow 

‘pezueAeid soUuBSsINU OINbDsOW 

*peyusAeid soUuRSTNU OINbsow ‘joefoud soUuRSINN 

‘pejyueAeid Al[[efjied souestnu oNbsow 
*peueAeid 

‘yoefoad eouBsInu Al{@eUITIg 

‘pejusAeid 9s<ouBSsINU OJINbDSsOW; 
‘peonpel 

eouvsinu oNbsow;w ‘yoefoid 9oUuRvSsINN 

“pezueAeid soURSINU OINDSOW;, 


‘pajucaeid AlTleyaed 


Alleijavd souvs~nu oNbsow, 
-a1 A[}¥01Z goURSINU OINbsOoW 
-o1 A[}we1s souRS|NU ONDdbsoW; 
-01 A[}B013 VsoULSINU OINDbDsOW 
*‘pejueAeid Al[enaed 

“pe usaeid 

‘pezusaoid 


A[(efjsed eouBSsInU O7;NbDsSOFY 
“pe ueacid 
eouBsinu oNnbsow 


A[}B013 


‘sysBWsy 


BSup{stxe sesvo Bye] Bul YIM IBeA [OIQUOD Suyanp 





*,SOSvO 
BliBlrew uy 

uofonpes 
SAT} BIedUIOD 





‘SIONITIL NI SLOWLOUd IOULNOO 











Sesvo BIIB[BUL JO UOSTIRAdUIOD » 


oz6r 
Sz61 
SZ6I 
SZ6I 
SZ6I 
Sz6I 
Sz6L 
SZz61 
SZ6T 
00°000'2 000‘'LE or SZ6I 
00°000'9 000'F 9 e261 
00°000'L 000'2 9 oz6l 
00°000'9 000‘¢ t S761 
00°000'L 000‘8T 8 Sz6I 
00°00‘ 00F ¢ Sz6r 
00°000°9 000‘ZT 9 Sz6l 
00°008'T 000‘F2 9 Sz6r 
00°009 008‘9 9 SZ6lr 
00°000'8 000°ZT 9 +261 
00°000‘°2 0002 9 261 
00°0St 008'9 4 $261 
00°000'E 000'FZ 9 £261 
00°006 008'9 9 S261 
00°000‘06 000‘00L | aL 2261 
00°00L'% $ 008'9 4 Zz61 
| ibnctes 
3800 9} BUI “‘peales eer ersnbs 
P S 
-lxoiddy uoperndog | ep een SU0d 








OLINOSONW AGNV VIUWIVAN AO WIAVL 


Re, 


“Soins veul 





| I@ATY SouTetd seq 
| 4921 PHONS 
**@Aleseag 389107 


DPe<s *  @pISIeAIY 
SeUulei[d seq 
YOM Uey 
‘ye puvlysiH 


uo jsuBA 


eoouetr 


By eUUTM 
0 ca Coewen BIUIARY 
“**JoyyUBIy ISOM 
wieysiorn 
[e< o1oqsAydiny 


oAetieg 
elepuoqieD 

** up110H 
eTTAP 9a 
eTepuoqgiey 


*** * OTTASTPR 
sb cseee aTepuoqieD 


“JOATY SeuTe[qd seq 
steps gir alepuoqie) 





*‘yoefoig 








ese agit aye oe 


ha deme hererngr pee 


arr 


ee 


Fa eT PEA 


CTTaAS 


f 


356 ILLINOIS STATE ACADEMY OF SCIENCE 


rural areas. The work done thus far has been more of 
an educational and demonstrational nature and at the 
same time has given excellent relief from mosquitoes 
and protection from malaria in the towns. Malaria, 
however, is primarily a rural problem and it is in the 
rural areas that the decisive blow against malaria must 
be struck. 


Control work in towns has progressed sufficiently far 
to leave no doubt as to the practicability of eliminating 
both mosquitoes and malaria in areas where there is 
enough money available to secure proper treatment of 
breeding places. Control work has cost on the average 
of $500 to $1,000 per square mile. Such a cost is easily 
assumed by a city because of the large number of people 
supported by each square mile. In the rural areas, how- 
ever, there is seldom as many as 100 people per square 
mile and complete mosquito control is almost prohibited 
by the cost. There must be, therefore, some other way 
of attacking the rural malaria problem other than by 
the general comprehensive campaigns of mosquito ex- 
termination as have been conducted in the towns. 


Fortunately, malaria in Illinois is carried largely by 
one species of Anopheles, namely Anopheles quadrimacu- 
latus. There may be other species which transmit 
malaria to some extent but it is certain that quadrimacu- 
latus acts as the principal vehicle for the transmission 
of the disease in southern Illinois. This fact simplifies 
the work of rural malaria control for it allows all of the 
forces to be concentrated against the one particular spe- 
cies of mosquito, responsible for the transmission of the 
disease. Again rural malaria control is favored by the 
fact that Anopheles quadrimaculatus are confined large- 
ly to certain definite types of breeding places and will 
respond readily to Paris green treatment which is prob- 
ably the least expensive method of control. Further, the 
distribution of malaria is not uniform but more or less 
spotty in character and if the foci of malaria can be 
located, control can be directed against the particular 
centers with almost complete negligence of intervening 
areas. 
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As a preliminary to a definite program directed to the 
control of malaria in the rural areas of southern Illinois, 
the Department of Public Health carried out during the 
first three months of 1926, a survey to determine the in- 
eidence and distribution characteristics of malaria in 
the southern section. The survey was made by Dr. 
Henry P. Carr of the International Health Board assist- 
ed by the authors. A discussion of the survey should 
prove of interest to the members of this society for in 
addition to presenting for the first time, first hand and 
accurate information on the malaria problem of this sec- 
tion which is held by some to be of only minor import- 
ance, the methods illustrate in an excellent fashion the 
procedure taken in the field to collect important epi- 
demiological data. The freest use has been made of the 
detailed report of the survey prepared by Dr. Carr. 


THE INCIDENCE AND DISTRIBUTION CHARACTERISTICS OF 
MALARIA IN RURAL AREAS OF SOUTHERN ILLINOIS. 


General. The most dependable data available up to 
the present time, as to the incidence of malaria in Tlinois 
is found in the mortality reports. The inaccuracy inher- 
ent in mortality and morbidity reports in general and 
especially in regard to malaria is well known. Malaria 
cases are not generally reported and frequently deaths 
from malaria are not reported. Such statistics have, 
however, a considerable value when interpreted with 
caution, in suggesting where the problem is especially 
significant. ; 

Fig. 1 shows the death rates from malaria by counties 
per 100,000 population for the years 1922-23 and 24 as 
compiled from mortality records of the Division of Vital 
Statistics. It may be seen at a glance that the heaviest 
infection occurs in the extreme southern counties. In 
the twelve southern counties which have about 5% of 
the total population of the State occurs about 60% of the 
total malaria of the State. The mortality records clearly 
show that the malaria problem of the State is confined 
principally to the southern counties but the reports do 
not show adequately the extent or distribution of malaria 
in any one county. Alexander County for instance had 
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Fig. 1. Distribution of malaria in Illinois. 
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a death rate for the triennium of 7.7 per 100,000. This 
is equivalent to a case rate of about 2,300 per 100,000. 
Since the county has a population of about 25,000 the 
actual number of cases occurring annually in the county 
as indicated by the mortality reports would be about 
9,200 or the case rate would be about 36%. This percent- 
age seems quite high and yet the results of the recent 
survey in that county indicate that the figure of 36% is 
not greatly in error. 

The malaria survey embraced representative sections 
of Jackson, Union, Alexander, Pulaski, Massac and Gal- 
latin Counties. In addition investigations were carried 
on in two cities of Williamson County. 

In interpreting the results of the studies made of these 
areas some consideration should be given to the general 
topographical features upon which the occurrence of 
breeding places of the transmitting anopheline depends. 
A central ridge extends east to west across the southern 
part of the State. This ridge is broadest and sharpest 
near its western extremity and as it enters the eastern 
half of the State it tapers down into a lower prairie-like 
area of considerable extent. The highest portion of the 
ridge is very hilly and rugged and lies between elevations 
600 and 800 feet. The southern and eastern edges of this 
ridge blend into the prairie-like section which lies be- 
tween elevations 400 and 600 feet. 

This hill and prairie section is surrounded on the west 
by the Mississippi River with its contiguous lowlands, 
and on the south and west by the Ohio and Wabash 
Rivers and their valley lands. It is cut across in its 
western half by the Cache and Big Muddy Rivers and 
in its eastern part by the Saline River and other small 
tributaries of the Ohio. Surrounding all these rivers is 
an area of valley lowlands. This area is low, flat, and 
the natural drainage is poor. Every part of it visited 
by the writers appeared to furnish, except where arti- 
ficial drainage has been carried out, breeding places suit- 
able for the propogation of the transmitting anopheline. 


It contains swamps, sloughs, bayous and many natural 
still-water ponds. 
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In selecting the areas for survey, therefore, two 
divisions of the entire territory were considered, first 
the river valley sections lying between elevations 300 
and 400 feet and the hill and prairie sections lying be- 
tween elevations 400 and 800 feet. In all instances ade- 
quate samples from both types of areas were taken. 

Methods used. The method selected for making the 
individual diagnosis which make up the mass diagnosis, 
was that of examination of children for the presence of 
enlarged spleen. There is at present sufficient evidence 
in the literature as to the value of the spleen index as a 
mass diagnosis method to justify its use for this purpose 
even in areas of light malaria incidence. 

The examination of blood films is usually not practic- 
able on a large scale because of the expense involved. 
Furthermore it has been shown that the spleen index 
when carried out according to certain technique fur- 
nishes a more sensitive measurement of malaria than the 
blood index. In the survey some blood examinations 
were made, however, and these will be reported upon. 

The elicitation of histories of malaria in individuals, 
another method of mass diagnosis is of value, but is open 
to so many fallacies that it cannot be wholly relied upon. 
The method has the disadvantage of being highly sub- 
jective. Although as has been indicated the chief reli- 
ance in this survey was placed upon spleen examina- 
tions, histories were taken as a matter of routine and 
this data will also be presented. In order to standardize 
histories, only a history of a definite chill within the pre- 
vious year was classified as positive. Further no his- 
tory was taken from children until after the spleen ex- 
amination was completed and no histories were elicited 
when it seemed evident that the individual was not cap- 
able of giving at least a fairly definite statement. 

In the survey the spleen examinations were made only 
upon boys from two to twelve years of apparent age 
usually, although sometimes older individuals were ex- 
amined. The average age examined was about nine 
years. 

Nearly all of the examinations were done in the 
schools for the reason that a larger number of individ- 
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uals would be examined. All of the examinations were 
made by Dr. Carr and the residence of the patient in 
most cases was accurately located upon a map. 

For the spleen examination the child was placed su- 
pine, the thighs sharply flexed upon the abdomen. Belts 
and other clothing were loosened so as not to interfere 
with deep breathing and the clothing over the upper ab- 
domen was pulled aside. The hands of the examiner 
were always in direct contact with the abdominal wall 
when examining for splenomegaly. The child was in- 
structed how to breathe and the examination made. 

Spleens were classified as positive only when they 
were palpable beyond all question of doubt and the 
writers believe that if there is any error in the spleen 
diagnosis it is an error of undér estimation of numbers 
rather than over estimation. 


FINDINGS CONCERNING MALARIA IN SOUTHERN ILLINOIS. 


Malaria in former years. Although, as will be shown, 
there is at the present time a very considerable incidence 
of malaria in certain parts of the areas studied, there is 
evidence to suggest, at least, that in former years there 
was very much more than at present and that the ma- 
laria rate in the southern part of the State has declined 
markedly in the last two decades. The evidence upon 
which one must base estimates of the amount of the dis- 
ease which was present twenty years ago is of necessity 
not absolutely conclusive. It rests for the most part 
upon statements of physicians and well-informed lay- 
men who have been living in the areas under consider- 
ation for many years. Upon interviewing a large num- 
ber of such individuals during the progress of this sur- 
vey we found the universal statement to be that twenty 
or more years ago the disease was very much more com- 
mon and severe than at present. Many of the descrip- 
tions which we elicited of malaria conditions twenty or 
more years ago, especially those obtained from physi- 
cians practicing for many years in their respective com- 
munities, are so vivid and so clear that one feels them 
to be essentially accurate. 
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Of course, such statements must be interpreted and 
evaluated with caution, but one cannot escape the con- 
viction that in the main they are true and that there was 
present in southern Illinois two or three decades ago 
very much more malaria than at present. During this 
period agricultural drainage has been extensively car- 
ried on in some of these areas and the diminution in ma- 
laria has apparently proceeded concomitantly with such 
work. It seems reasonable at least to conclude that 
agricultural drainage has been a great factor in the di- 
minution of the malarial incidence of these sections. 


Malaria incidence determined by survey. Table I ap- 
pended presents the complete spleen and history findings 
in the 104 schools which were examined. 


In examining this data it will be perhaps most instruc- 
tive to study it first from the point of view of the topog- 
raphical classification previously mentioned. The type 
of terrain in which are located the majority of homes 
comprising each school district is indicated in the table 
opposite each school by the letters H (for hills) or V 
(for valleys). Schools drawing the majority of their 
pupils from the valley district or hill district are desig- 
nated accordingly as valley or hill schools. 


A summary of the spleen data from the valley schools 
shows that out of 914 individuals examined for enlarged 
spleen, 134 or 14.6 per cent were found positive. In the 
hill schools out of a total of 569 spleen examinations only 
21 or 3.7 per cent were found positive. In the valley 
schools out of 891 histories taken there were 224 or 25.1 
per cent positives. In the hill schools, out of 513 histor- 
ies taken there were 89 or 17.3 per cent positives. Thus 
in the valley schools the history rate was 1.71 times the 
spleen rate and in the hill schools the history rate was 
4.67 times the spleen rate. 


There is thus found to be considerable difference be- 
tween the percentage incidence in the valleys and in the 
hills, the incidence in the valleys being approximately 4 
times by the spleen index and 1.5 times by history index, 
the incidence of the hills. Considered in relation to 
probable error this difference is statistically sound. 
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If the numbers representing the two samples, namely, 
914 and 569, with their respective observed incidences of 
enlarged spleens of 134 and 21, be compared with the 
table of sampling limits which have been published by 
Pearl, it will be found that the true incidence in the first 
or valley district group is not as low as 10 per cent and 
not as high as 20 per cent, while in the second or hill dis- 
trict group, the true incidence is less than 10 per cent. 
The samples are, therefore, adequate and we may con- 
clude that in the hill section there is a very much smaller 
incidence of enlarged spleens. 

The incidence of 3.7 per cent in the hill section is also 
significant. An incidence of 3.7 per cent when derived 
from a sample of 569 is from a statistical standpoint, 
significally different from a rate of one per cent if the 
figure of one per cent is derived from a sample as large 
as 100. If, therefore, we accept the figure of one per 
cent as being the incidence of non-malarious splenomeg- 
aly among children generally, then we can conclude that 
the 3.7 per cent for the hill districts represents a posi- 
tive malaria incidence. If it is a real and positive ma- 
laria incidence, then it is by no means an insignificant 
one. It is important to note that there is in general the 
same correspondence between spleens and histories in 
the hill districts as in the valley districts. This is con- 
firmatory evidence that the 3.7 per cent rate represents 
a real malaria incidence and the writers feel justified in 
concluding from the data presented that the hill section 
of southern Illinois has a positive and significant malaria 
rate which combined with the much larger rates of the 
valley sections makes the malaria problem of the south- 
ern counties, one of major sanitary importance. 

Malaria incidence by counties. In considering the 
rates by counties we must take into consideration the 
variable which has been demonstrated to be significant, 
namely, whether the valley or the hill district of the 
county is being considered. The following table pre- 
sents this arrangement of data. 

The information in the above table is almost self-ex- 
planatory. It shows an essential similarity of conditions 
in the counties listed which is not surprising for the type 
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INCIDENCE OF ENLARGED SPLEENS AND HISTORIES BY 
COUNTIES. 
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of county is quite similar throughout. In interpreting 
the table the size of the individual samples should be 
taken into consideration. Some of them are too small 
to admit of direction comparisons. 

Focal distribution of malaria. It has been shown 
that the severe malaria problem in this territory lies in 
the great river valleys, the Mississippi, Ohio, Wabash, 
Cache, Saline and Big Muddy. When spot maps cover- 
ing this area are studied they show definitely that the 
infection is not evenly distributed through the area, but 
that the cases tend to group themselves in small foci. 
This is a fact of great importance to be known in plan- 
ning remedial measures. 

These small foci probably represent some local area, 
perhaps comparatively small, of quadrimavulatus breed- 
ing which is responsible for that particular outcropping 
of malaria. This seems to be true, especially in those 
areas where agricultural drainage has been carried out 
to a considerable extent. Even where drainage has been 
carried out to the greatest extent we have observed small 
bodies of permanent and semi-permanent water left be- 
hind because the reclaim value of that particular bit of 
land was not great enough to justify from an agricul- 
tural standpoint, its permanent drainage. It may be 
that in some of these areas the malaria control effort 
will be to search out these particular bits of ‘‘left-over’’ 
undrained areas, determine which are the malaria haz- 
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ards, and attempt to secure breeding control in the lat- 
ter as a public health measure where it would not be 
justified as an agricultural reclamation measure. If 
such should be the case, spet maps should be of value 
in pointing to the location of such areas. 

It has been shown that there is a significant amount 
of malaria in the hill section. In regard to the malaria 
in the hill sections, spot maps show a most important 
point. If they be examined from the point of view of 
malaria incidence in the hills, it is seen that nearly all 
the cases occur in individuals living either within ano- 
pheline flight range from the valley section or else near 
a smaller stream valley within the hills. Our maps show 
so clearly the relationship between the occurrence of 
malaria in the hills and proximity of a stream valley 
that one feels justified in concluding that in the hill see- 
tion, the malaria anopheline is probably breeding chiefly 
in the smaller valleys and that here some local condi- 
tion, perhaps the formation of pools in stream beds 
through the drying up of the main stream, may be re- 
sponsible for providing a suitable breeding place for 
quadrimaculatus. 

It should also be mentioned that artificially impound- 
ed waters, stock ponds, ete., in the locality may possibly 
provide quadrimaculatus breeding places. Malaria in 
towns of the hill section may be accounted for by other 
local breeding conditions. 


RELATIONSHIP BETWEEN POSITIVE SPLEENS AND POSITIVE 
HISTORIES. 

Table I shows that there is in general a correspond- 
ence between the history rate and spleen rate. It will be 
interesting here to examine further the correlation. 

In all there are 1,511 cases in which we have both a 
spleen observation and a recorded history. Of these 154 
have an enlarged spleen, 326 have a history positive for 
chills and fever within the last year and 76 individuals 
have both an enlarged spleen and positive history. 

In this series then the probability, on the basis of 
chance alone, of any individual having an enlarged spleen 
is 424 — 0.1019. The probability for positive history is 
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2° = 0.2157. The probability, on the basis of chance 
alone, of any individual having both an enlarged spleen 
and a positive history within the preceding year is 0.1019 
x 1511=33 cases having both positive spleen and positive 
history. But there were actually found 76 such cases 
or 2.3 times as many as would have occurred by chance. 
There is thus shown to be, in this series of cases, a defi- 
nite correlation of considerable magnitude, between the 
occurrence of the enlarged spleen and the existence of a 
positive history in the same individual. Each type of 
data tends to confirm the other. 

Malaria in towns of southern Illinois. Examinations 
were made in Johnston City and Marion, located in Wil- 
liamson County. The results of these examinations are 
given in Table I. It is shown that Johnston City has 
an incidence of enlarged spleen of 4.4 per cent based up- 
on a quantitatively adequate sample. In the examina- 
tions in these towns the street address of the patient 
was obtained. Such data reveals for Johnston City, 
the interesting fact that all of the positive spleens come 
from the western part of the town, suggesting immed- 
iately that the dangerous breeding is probably to be 
found in the west part of the city. 

Marion was found to have a positive spleen rate of 
7.7 per cent and the addresses of the cases clearly show 
as would be expected that most of the malaria is oceur- 
ring in the peripheral sections of the town. 


SIZE OF ENLARGED SPLEENS FOUND IN THE SURVEY AND IN- 
CIDENCE BY AGE GROUPS. 


Of the total of 171 enlarged spleens found in the whole 
area, 161 or 94.1 per cent were classified as palpable 
on inspiration. Of the 10 larger spleens found 7 were 
classified as palpable, one as one finger’s breadth and 2 
as three finger’s breadth below the costal margin. All 
degrees of enlargement are indicative of malaria in- 
fection. 

The following table shows the incidence of enlarged 
spleens in different age groups. This table shows what 
has been found by other observers, namely, that the 
spleen rate in individuals‘ comparable in every respect 
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TABLE III. 
Incidence of Enlarged Spleens in Age Groups. 


No. of Per cent 

Age. examinations. enlarged. 
Dt cvvetscdabawebatawesd obebhWeshbieaeee kan 17 23.5 
ON SEE TEE Se OR ee ee er RE ete 550 12.0 
POE: 6 cub dee W eRe Dah 045.008 e020 000'040 be oe Ke kes 659 10.6 
DED. CER WHOM Ua Lawak 40s bested oie eadedecvccee 477 6.3 
SY Gh eee wwe hak © CU awe 666 60000 6s 66s ad eke es 18 5.5 


except the factor of age will be higher in the younger 
age groups. There are probably two factors w hich ac- 
count for this. The first is the less immunity to malaria 
possessed by the younger individuals and the second is 
the thinner abdominal walls of the younger children 
which enables abdominal palpitation to be more accurate- 
ly performed. 

Blood examiations. Out of 264 blood examinations 
only one was found positive, 15 minutes being devoted 
to the examination of each slide. 

Of the 264 examinations by this method, 81 were done 
upon individuals with enlarged spleens, and 172 upon 
individuals with negative spleens, and 140 had histories 
positive within the previous year. The fact that only a 
small per cent of blood examinations were found posi- 
tive does not in any way detract from the comparatively 
large spleen rate revealed for in the winter season as 
has been the experience of other observers, the malarial 
parasites do not appear frequently in the peripheral 
blood, and hence are not obtained when the blood film 
is taken. 

SUMMARY AND CONCLUSIONS. 

The survey has demonstrated that malaria in the areas 
studied constitutes a major public health problem; that 
the areas of heaviest incidence are in the valley sections, 
that there is a significant relation between positive his- 
tories and positive spleens and that malaria appears 
to be highly focal and localized usually in comparatively 
small areas. 

During the summer several of the areas which now 
appear as foci for malaria will be studied in detail with 
the view of ascertaining the best and most economical 
method of control, after which definite steps will be taken 
to effect control of malaria in southern Illinois on as 
wide a scale as is compatible with the conditions and cir- 
cumstances. 
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ILLINOIS STATE ACADEMY OF SCIENCE 


THE LAYMAN IN PUBLIC HEALTH. 


Frank L. Rector, M. D., Evrron, Tue Nation’s Heatra, 
Curcaao, ILurNors. 


It is not my purpose today to advocate the exclusion 
of the physician from public health activities with the 
elevation of lay workers to commanding positions in this 
form of community activity; neither shall I attempt to 
say that the layman has no place in the public health pro- 
gram. But I shall try to show that each has a function 
and a complementary position in the scheme of public 
health advancement. 

The present state of public health is due to the activi- 
ties of two groups; one, the official health departments 
of states, counties, and municipalities with the Federal 
Public Health Service acting as a coordinating body at 
all times to lend help and encouragement; and the other, 
the private agency, either endowed for specific purposes 
or existing from year to year off the bounty of well- 
intentioned but often misguided philanthropists. 

Official health agencies are more frequently than not 
under the guidance and control of medical graduates. 
The list of health officers in towns and cities of more than 
10,000 population, published annually by the United 
States Public Health Service, contains the names of 576 
physicians and 159 others holding official, executive 
health positions; and among those not physicians are 
nurses, veterinarians, and individuals with degrees sig- 
nifying that studies have been pursued along public 
health lines. Thus, we-see that the majority of munici- 
pal public health positions are filled by physicians, but 
many of these, approximately two-thirds, are devoting 
a part time service only to their official duties. On the 
other hand, eighty per cent of the other class of health 
officers is on a full time basis. Practically all state 
health officers are physicians and devote all their time 
to official duties. I am sure we are all agreed that the 
properly equipped physician with the social rather than 
the individualistic background makes the best public 
health officer. I am equally sure that there can be no 
difference of opinion among well-informed groups that 
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the medical degree itself does not indicate or guarantee 
fitness to administer official health duties. Something 
more is needed, and to my mind that need rests on the 
ability of the individual to interpret health problems in 
terms of prevention rather than cure, of masses rather 
than individuals and of humanitarianism rather than 
economic commercialism. It goes without saying that 
successful health workers are not following their pro- 
fession for hope of economic or financial reward. They 
are not attempting to improve the health of any given 
individual except as it may be reflected in the better- 
ment of the community. 

Physicians have been accused, and at times justly so, 
of failure to cooperate in public health work. The rea- 
sons for this failure have been discussed many times and 
I will not repeat them except to say in passing that it is 
hard to quickly change ideals and traditions. But en- 
couraging progress is being made in this direction. Dr. 
Wendell C. Phillips in his inaugural address as president 
of the American Medical Association at Dallas, Texas, 
last week said that the gravest problem facing the phy- 
sician in this new era of medical practice was that of 
relating his work and his ideals to the prevention of dis- 
ease and the preservation of the health of his patients. 
This, I am sure, is the noblest concept of public health 
activities. 

The introduction of laymen to public health work, both 
official and private, has been brought about in a gradual 
and interesting manner. Social service and charitable 
relief have been the channels through which entrance to 
the health field has been obtained. The supplying of 
physical needs to prevent both moral and physical break- 
down has led such workers to inquire into the causes for 
the plight in which so many were found. Naturally ill 
health was determined as one of the major causes of this 
condition. With the indifference of the physician to the 
problems involved, due to his lack of training in any but 
curative procedures, it devolved upon the social worker 
to attempt a solution of the problems with which they 
were faced. In time they became expert in this work, 
specialists, if you please, and as such eager to bring 
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about solutions of these conditions in the shortest pos- 
sible time. I believe this eagerness on the part of the 
social worker for quick solutions often caused them to 
lose a true perspective of the relations of other forces 
and agencies in the community, and urged them on too 
aggressively in many instances. They did not under- 
stand the position of those to whom they appealed for 
assistance, and like all specialists interested’ primarily 
in but one problem, they undertook to compel action by 
unduly arousing the public interest in opposition to the 
ideas of those who they thought were hindering their 
work. 

Specialists are valuable in many lines of work, but 
those activities in which specialism serves the most use- 
ful purpose are those about which there is a large body 
of accepted fact. This now science of public health is 
not such an activity at this time. We do not yet know 
the best method of approaching a solution of these prob- 
lems; therefore, specialism should not now occupy a com- 
manding position in the public health field. Workers, 
whether physicians or laymen, should give careful heed 
to the opinions and ideas of others who may be inter- 
ested. 

On the other hand, the doors to public health work 
should not be closed to lay workers. There are many 
lines of work for which they are admirably fitted. Grant- 
ing that the administrative head of a public health or- 
ganization should be a physician, there are many posi- 
tions in this work where a layman can render distin- 
guished service. Every well organized health depart- 
ment needs sanitary engineers, vital statisticians trained 
laboratory technicians, business managers for the proper 
conduct of clerical and accounting departments, inspec- 
tors of all kinds, food, dairy, plumbing, housing, factory, 
etc., and many other types of work found in any well- 
organized and well-administered department. 

The stupendous task of health education, particularly 
in the public schools where it properly belongs, is one 
for trained laymen, and in this case, the school teacher is 
the logical medium through which all health education 
should flow, just as she is the medium for imparting 
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other types of instruction. It is true that few teachers 
are yet fitted to give this health instruction and it will 
be the duty of physicians and nurses first to instruct 
them and teach them to have an appreciation of what 
health means. But physicians and nurses cannot carry 
this instruction to the school children simply for lack of 
numbers. It must ultimately be done by the teaching 
force. 

There is today no lack of health education material for 
adults. Our newspapers, our magazines, and even our 
daily mail are flooded with all sorts of health literature. 
Some of it is worse than useless, some is even vicious, 
and much of it is really harmless. There is a crying 
need for a sifting, a sorting out of so-called health liter- 
ature, in order to prevent needless duplication on the 
one hand and improvement in quality on the other. 

Health activities, and especially health education ac- 
tivities on the part of laymen should not be suppressed; 
they should be supervised and directed. They should 
be turned into constructive and productive channels. 
There is sufficient virgin territory in the public health 
field waiting for cultivation to provide room for all 
workers. The greatest trouble has been that too many 
groups want to work with the same tools and to attempt 
the solution of the same problem. An indication of 
success on the part of one group invites competition, just 
as it does in the business world. This is unfortunate 
and tends more than any thing else to a retardation of 
the progress of public health work. Coordination, rather 
than duplication of effort, will bring about health better- 
ment. Individual success must be subordinated to group 
betterment. No army, unless it be one in Mexico or Cen- 
tral America, is composed entirely of generals. There 
must be leaders but the fighting and the work must be 
done by those under authority. It is equally so in health 
work. Success depends in large measure on the private 
in the ranks and the lay worker occupies an important 
place in any well organized and efficient health under- 
taking. Curative measures, wholly within the province 
of the physician, cannot be relied on to improve health. 
They are only remedial, and repair damage that has al- 
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ready taken place. They can be applied only by trained 
professional people. They are usually individual in 
their application, while methods of sickness prevention © 
and health improvement can be carried on by physician 

and layman alike. Here it is that team work can be 
done, and the success of any such health undertaking 
rests upon the spirit of cooperation shown by all those 
responsible for it. Continued training and continued 
research is necessary. New problems develop and older 
problems await solution. There is work for all, and 
opportunity for all. Let each find his place, whether 


physician or layman, and together labor for the improve- 
ment of the race. 
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RURAL TEACHER TRAINING IN THE UNITED 
STATES. 


W. O. Brown, Strate Normat University, CaRBoNDALE. 


Perhaps a large majority of the American people, 
both rural and urban, would vote, if they had the oppor- 
tunity, that no training at all is necessary for the teacher 
of a one-room rural school. In the estimation of many 
good people including even some high school principals 
and city superintendents, the one-room school is the 
dromedary of our educational system, the pack horse of 
educational sentiment. For them, it has been, and is, 
the garbage pile which receives the halt, the blind, and 
the lame. It is the dumping ground for the misfits from 
the flapper in the high school to the lame ducks of local 
politics. No matter if some school directors are waiting 
to receive them, it is not right for a high school prin- 
cipal, a city superintendent, a board of education, or any 
one else, who ought to know better, to send a teacher 
considered incompetent to teach in the city where she 
graduated, out into the country school to conduct classes 
in twenty-five or thirty daily recitations. 

Many just out of school do well in the country schools, 
but they must be the pick, not the culls, of the senior 
class. The most pathetic sight one ever saw is that of 
the high school graduate who has always lived in town, 
who goes out into the country to teach, but whose heart 
and soul remain in town. 

Why should those who are to teach in the country have 
special training for the work before they begin to teach? 
Not all will agree that any special training is necessary. 
Some of our greatest leaders say rather dogmatically 
that he who teaches well in one position will teach well 
in any other position. This argument, if it is an argu- 
ment, has no bearing on the subject, even if true, but it 
is only partly true at most. It is to be seriously doubted 
that the best teacher in this body of teachers could fill 
satisfactorily any and every teaching position in South- 
ern Illinois. 

The average number of daily recitations in one-room 
schools of Southern Illinois is twenty-eight plus. It is 
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quite clear that no teacher can prepare all of these les- 
sons ahead of her classes. If she did prepare them all, 
it would mean one hundred forty preparations a week. 
If she made plans ahead for every recitation, either oral 
or written, she would be ‘‘going some.”’ 

Since it is practically impossible for her to prepare all 
of these daily lessons ahead of her classes she ought to 
know how to proceed with them to the best advantage 
without much, if any, preparation. The teacher of this 
list of subjects should have a thorough knowledge of all 
the common branches: reading, writing, arithmetic, 
grammar or language, geography, history, physiology, 
physical training, and perhaps other subjects. She 
should know all these subjects well because she is com- 
pelled to go before her classes and ‘‘blaze away’’ large- 
ly at random. She should have, not only a thorough 
mastery of these common branches, but she should have, 
in addition, a good working knowledge of the funda- 
mental principals underlying the teaching of these sub- 
jects. 

But should the training of the rural teacher be differ- 
ent from training of any other teacher? No one claims 
that it should be entirely different but every one knows 
that the preparation of the primary teacher should be 
different from the junior high school teacher and that 
the principle holds all along the way. 

There is a body of race heritages, common to all the 
race, which are held by all the children everywhere alike. 
These inheritances must be chiefly instinctive since in- 
stincts are organized reactions inherited from past 
generations. But children form habits from the very 
first. Habits are organized reactions built up during 
the individual’s lifetime. When the child enters school 
at six, he has had a wonderful experience and has formed 
many habits. This experience and these habits may or 
may not constitute 75% of the childs life at six years 
of age—I do not know. But we all do know that there 
is a considerable and essential difference between the 
city and country child at six years of age due to the 
difference in the environment in which they have lived. 
The one has had experience in the flat, with electric 
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lights, electric irons, electric this and that, gas ranges, 
various kinds of foad different from the country, with 
streets, street cars, shows, offices and indoor life gen- 
erally. The other has had experience with the open air, 
clouds, rain, sunshine, grass, trees, flowers, animals, 
plows, hay and grains, dust and mud. 


The country child, at six, often can go into the garden, 
pick out and name a dozen or more different growing 
vegetables. He can go into the fields and distinguish 
growing oats from timothy or clover. He can tell a 
grain of wheat from a grain of rye. He can tell sheep 
from hogs, roosters from hens, geese from ducks, and 
sparrows from robins. But he cannot understand many 
of the things with which the child, even in the small town, 
is familiar. If real teaching begins with what the child 
has already experienced and knows and leads into things 
which he does not know, but which are related. then the 
rural teacher needs different training from the grade 
teacher. 

Furthermore, the teacher of a one-room school needs 
to know how to kindle a fire in the heater, the manipula- 
tion of the heater—its dampers, humidifiers, fresh air 
intake, foul air-eseape, and how the heater causes the 
air to circulate in the room. She needs to know how to 
arrange the fire so it will keep over night and the most 
convenient way for removing ashes from the heater. 
She should form habits of looking at the thermometer, 
of keeping the blackboards clean, of assigning wall hooks 
to different pupils, of the care of the library, of the water 
supply, of the supervision of the playground and the 
physical and moral value of play. 

The one-room teacher needs to know how to conduct 
a recitation so as to teach as much in ten minutes as the 
grade teacher does in forty. She must be able, in South- 
ern Illinois, to teach as much in seven months as the 
grade teacher does in eight or nine months. 

In one respect, the teacher of a one-room school, if 
she cares to avail herself of the privilege, has every one 
else ‘‘beaten to a frazzel.’’? She has abundant oppor- 
tunity to camouflage. Perhaps she could not practice 
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100% camouflage, but she could come very near it if she 
were so disposed. 


The beginning teacher may learn (1) from seeing 
others teach (2) from hearing others talk about teaching 
(3) from reading what others have written on the sub- 
ject. But in learning to drive an automobile one may 
see others drive and that helps some, he may listen to 
others talk about driving and that helps some more, and 
he may read literature, but he will never become a skill- 
ful driver until he takes hold of the wheel, and, under 
the direction of an experienced person, he performs the 
work for himself. 

Darwin found, that, in later life, he had lost his early 
taste for art, music, and poetry. He had neglected these 
so long that he could not bear them when he became old- 
er. Just so it may be that one who attended a one-room 
school in childhood, perhaps taught in one or more, may 
lose his conception of the country school situation. He 
considers himself thoroughly in touch with rural prob- 
lems even after he has been away from the country for 
years. It is then usually that he writes books on how to 
teach a rural school. In these books, or in articles writ- 
ten for school journals, he will say that twenty-eight 
daily recitations are too many, that the number must be 
reduced. Then, in the next chapter, he says that Do- 
mestic Science, Agriculture as related to the farm, and 
Manual Training as related to the farm home, must be 
taught in these one-room schools. However, we who 
teach in the country have learned that 28 plus 3 equals 
31. Bear in mind that I am not making a plea for the 
perpetuation of the one-room school. About every au- 
thority on the economic history of the rural life of the 
United States divides it up into epochs, usually four— 
sometimes five: 


Fwrst, the pioneer period generally dating from the 
very earliest times until about 1830 or 35. During this 
period the people lived largely by hunting and fishing. 

Second, the period of the household farmer dating 
from about 1830 to 1890. During this time American 
family life developed. The farmer established the one- 
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room school, the rural church, buried his dead on the 
farm, and never thought of selling out. 

Third, the period of exploitation from 1890 to the 
present time. Farmers sold their farms, and moved to 
town or moved to town without selling their farms. The 
sons scattered to the four winds. Every permanent 
factor of farm life ceased to function. The retired farm- 
er and the absentee landlord are the products of this 
period. 

Fourth, the period of husbandry. This is just dawn- 
ing in some localities and is being built up from the re- 
mains of the household farmer. Man begins to consider 
himself his brother’s keeper. Cooperative societies, 
good roads, consolidated schools, better education, more 
intelligent farming, and a broader outlook on life are its 
products. 

The one-room school was the best they could have in 
the household economy period but it is the product of 
days long gone by. It fitted well into the economic and 
social life of a half century ago but it is the ‘‘last leaf 
on the tree’’ of an outgrown system. 

But back to the training of teachers for the one-room 
school. The person who attended such a school forty 
years ago, perhaps taught in one for a time, then went 
away to college, graduated and became principal, city 
superintendent, college professor or something, may 
think he still knows all about a country school, but he 
doesn’t. Even if he, to use a common expression, keeps 
in touch with rural problems by visiting such schools 
or otherwise, he doesn’t know them. The laws of for- 
getting apply in his case as in others. 

Let our subject after all his experience in graded 
schools, high schools, colleges, or the county superinten- 
dency, go out into a real one-room rural school and 
teach it for one full year successfully. 

Let him do his own panitor work—be responsible for 
the heating, ventilating, water supply, and general phy- 
sical upkeep of the school; let him manage, discipline and 
meet all the problems incident to getting along with the 
people; let him hear 28 or more daily recitations and 
see that all the pupils make progress in their studies; 
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let him attend all teacher’s institutes and meetings, make 
all reports to directors, county and state superintend- 
ents, and perform all other necessary activities. After 
he has proven his ability to do the thing himself, a li- 
cense should be issued to him to write a book telling oth- 
ers how to do it. 

While it is clear that the one-room school is rooted in 
the past, yet it is destined to exist in many, many places 
for a long period of years, perhaps stretching out into 
generations. Realizing therefore, that generations un- 
born are yet to receive the rudiments of an education 
in the one-room school, is it not high time that more and 
more attention be paid to the training of those who are 
to teach in these schools? 

There are now approximately 20,000,000 school chil- 
dren in the United States. 8,000,000 and more of these 
are enrolled in the one and two room schools. They are 
being taught by 250,000 persons. About 87,000 begin- 
ning rural teachers are needed annually. I have tried 
to show why they should have some special training 
for their work. 

The tendency of the times seems to be to get the train- 
ing of teachers closer and closer to the real school. 
Most certain it is that any training which takes into 
account a recitation period of 40 minutes, which fails to 
take into account the vital factors which constitute the 
ungraded school does not prepare for effective teaching 
in a one-room rural school. 

At the present time the training of teachers for rural 
schools has, acquired a momentum of which the people 
and even the teachers themselves are not aware. 

Allowing a liberal discount for over enthusiasm and 
obsession, on the part of those who are working in this 
field of education, just a minimum of investigation shows 
that all the agencies for it are carrying on slowly but 
surely. 

The agencies through which rural: teachers are being 
prepared are high schools, county normal schools, state 


and other normal schools, teacher’s colleges and agri- 
cultural colleges. 
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The United States Bureau of Education has a rural 
department of no mean proportions. The present dis- 
tinguished head of this Bureau considers rural education 
his greatest problem. His immediate predecessor, Clax- 
ton, said that rural life and rural education are the 
greatest problems for the American statesman. 

The National Education Association, the greatest asso- 
ciation of its kind in the world, probably the greatest 
that ever was, maintains a prominent rural department. 

Columbia University, New York City, contains the 
greatest teachers’ college in America. This college has 
a rural department in which one may work out his Mas- 
ter’s or his Doctor’s degree in rural education. 

Cornell University, Ithaca, New York, has a great 
rural department. 

Twenty seven of the forty eight now provide some 
form of training for rural schools in their high schools. 
I am ineluding only those states wherein this rural 
training is provided by law. 

With reference to this training, the high schools offer- 
ing it, may be classified into two groups: J. Those which 
have special rural department in the high schools. The 
students wishing to take the rural training are placed in 
a room by themselves with special teachers, libraries, and 
equipment. In this group of states are included Ver- 
mont, New York, Minnesota, South Dakota, Wyoming, 
and Nevada. II. Those states in which the students of 
the high school who wish to prepare for rural teaching 
are not segregated but sit in with the rest of students 
of the high school with a one year curriculum offered. 
In the majority of states coming under this classification 
there are special teachers employed by the high school 
for the purpose of training these teachers: Maine, Vir- 
ginia, West Virginia, ‘Wisconsin, Missouri, Montana, 
Oklahoma, and nine other states are listed in this group. 

In all of these states, 27 in all, provision is made in 
the laws for this teacher training for rural schools. 

In several, the provision is but an apology, while in 
others substantial aid is given by the state to designated 
high schools for preparing such teachers. 
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The chief criticisms offered on the preparation of 
rural teachers in high schools are: (1) that the actual 
practice teaching, if offered at all, has to be done in the 
grades of the city school system, (2) that, at best, it 
can be only temporary, the responsibility finally to rest 
on the State Normal schools. 

Wisconsin is the only state which seems to have gone 
very far in the development of the county Normal school. 
Between thirty and forty of the counties of that progres- 
sive state have established County Normals for the 
training of teachers for the rural schools, Like the man 
who declined to express his opinion on Heaven and Hell 
because he had friends in both places, it is hard to form 
an opinion on the efficacy of the County Normal school 
in the preparation of teachers to teach in the country. 
Suffice to say that I once heard a spirited discussion be- 
tween two men on the subject, both of whom claimed to 
have had experience in the county normal schools of 
Wisconsin. 

There are, in the United States approximately 300 in- 
stitutions which may be called normal schools for the 
general preparation of teachers. Many of these are now 
known as teachers’ colleges. About 100 of these are 
private or municipal -institutions leaving 200 which are 
supported by the different states. Of the 200, thirty are 
negro schools. The rest (170) are white schools, or, as 
in most cases, are open to both races. Fifty-two of the 
170 maintain special rural departments, offering special 
courses in rural education, and maintaining some sort 
of practice teaching for those who have elected to teach 
in the country. Sixty-one of the 170 have no special 
rural department, but offer special courses for rural 
teachers and may or may not offer rural practice teach- 
ing. Twenty-five of the 170 have what may be called but 
a minimum of rural interest encouraging rural schools 
by holding rural conferences, ete. Thirty-two of the 170 
profess no rural interest. 

Of the 113 state normal schools and teachers’ colleges 
which claim to have caught some of the rural spirit the 
courses most frequently offered are rural school man- 
agement and rural sociology. 
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Some infallible survey has shown that the average 
teacher reaches her maximum of efficiency at the end 
of the fifth year of teaching and that observation work 
is subject to the law of diminishing returns after the 
fifth day. Whether or not either is true does not matter 
so much but it is certainly true that observation is good 
only up to a certain point. If observation were all the 
beginning teacher might need, then, the janitor would 
soon become the best teacher in the building because he 
observes more than any one teacher. 

With reference to the plan for giving rural practice 
teaching the normal schools offering it are classified into 
four groups: 1. Those which maintain a one-room school 
on the normal campus where the practice teaching may 
be done. This is the ideal plan were it not for the fact 
that the practice school can not get the children to prac- 
tice on. 

2. Those which select a number of rural schools as 
observation schools in the different counties, not so far 
away from the normal, which schools are supposed to be 
taught by successful rural teachers regularly employed 
by the districts. To these schools the cadet teachers are 
sent to get ideas and to do some practice teaching. This 
plan is ridiculous because the students are away from 
the normal school so long that a term of work is all but 
lost, these observation schools are difficult of selection 
from any and every standard, the best rural schools are 
usually inaccessible, and because but few students elect 
to go out for the practice. 

3. Those which have rural schools directly under the 
control of the normal, directed by critic teachers from 
the normal, to which students are sent or taken for sev- 
eral weeks and where they remain during the entire per- 
iod of training. This plan is subject to one criticism: 
The practice teachers cannot carry on the rest of their 
work in the normal school while away taking the prac- 
tice. 

4. Those which maintain rural practice schools near 
enough to the normal, and on roads good enough for 
travel during the winter months, that the practice teach- 
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ers can carry on their regular work while taking the rural 
practice. To my mind this is the best plan of all. It is 
sensible and practical. All the other plans, in the nature 
of the thing, are doomed to failure. I do not say this 
dogmatically. 

Influence and good results from rural education are 
spreading with increasing momentum which is not to 
be fully shown by this paper. 
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MAKING THE WORLD SAFE FOR SCIENCE. 


H. DeF. Wincer, Stare Teachers Cottece, CHARLESTON. 


In Greek Mythology there is a figure of heroic pro- 
portions that has always exercised a strange fascination 
over the imaginations of men,—Prometheus the Fire- 
bringer, one of the brood of mighty Titans. According 
to one version of this ancient myth Prometheus was the 
creator of man, whom he loved as a creator should love 
his creature. But according to other versions he was 
only a friend of man. Legend has it that when Prome- 
theus beheld men struggling along without fire, unable 
to forge the metals and to combat the severe cold of 
winter, a vast pity seized him, and he resolved to give 
men fire from the hearths of heaven to alleviate their 
suffering and to promote their happiness; and, although 
Zeus the Thunderer had strictly forbidden any one to 
take coals from the sacred hearth, Prometheus stole the 
divine fire, bestowed it upon his favorites, and brought 
upon himself the wrath of the immortals. For this dar- 
ing ‘heft, he was cruelly punished. Thus Prometheus 
has come to be a symbol to the civilized world of all those 
who are benefactors of mankind, the givers of the arts 
and of happiness. 

But there is another story to which I wish briefly to 
refer—Frankenstein, a tale written by Mary Wollstone- 
craft Shelley. Frankenstein was a young Swiss univer- 
sity student, tremendously interested in science, who set 
before himself no less profound a research problem than 
to discover the secret of life. After months of patient, 
painstaking labor he made the great discovery, and set 
about the task of making a huge machine man and en- 
dowing it with life. This, after months more of ex- 
hausting work, he accomplished; but when he beheld the 
monster, his heart was filled with misgivings so deep 
that he refused to own the creature as his own child and 
abandoned it to its fate. The leering, staring, ugly 
creature left Frankenstein, who thought that he had seen 
the last of the evil thing. Imagine the horror, then, with 
which Frankenstein learned that this creature had set 
out to kill all those whom Frankenstein most dearly 
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loved. Brother, father, wife,—all fell victims to the 
monster’s ruthless cruelty. Too late Frankenstein re- 
alized that he had created not a man, but a horrible mon- 
ster without a soul,—heartless, cruel, cunning, vengeful. 
The story ends with Frankenstein in vain pursuit of the 
terrible being in hopes that he might end what he began, 
destroy that which he created. 

Prometheus and Frankenstein! Both possessed simi- 
lar motives, but the one conferred upon mankind the in- 
strument of human happiness; the other the instrument 
of human destruction and misery. One gave the world 
the fire of heaven; the other a hellish fiend. These two 
figures have been presented to give concreteness to a 
question now to be asked. Is modern science to be Pro- 
metheus or Frankenstein in our civilization, the instru- 
ment of this world’s salvation or the diabolical instru- 
ment of its destruction? 

Probably the most outstanding events of the past cen- 
tury and a half were the rise of science and the scientific 
method of thinking, together with the application of sci- 
ence to life. From many points of view, the great ad- 
venturers of the past have not been those who pushed 
across unknown continents of snow and ice but the scien- 
tists who in the quiet of their laboratories explored the 
world of the atom or of the plant or animal cell in quest 
of the hidden secrets of life and matter. To me, they 
were like Ulysses of old who desired 

‘‘To follow knowledge like a sinking star 
Beyond the utmost bound of human thought.’’ 


In the realm of the pure sciences of physics, chemis- 
try, biology, astronomy, mathematics, they have met 
with astounding success. It is not necessary to enumer- 
ate to a body of scientists the advances in knowledge 
made by these devotees to truth in their respective fields. 
What they have learned has made it necessary for us to 
reconstruct our ideas of the universe in which we live. 

But not alone in the pure sciences were such strides 
forward taken, but in the application of science as well. 
As a direct result of the application of science to indus- 
try came the Industrial Revolution with its momentous 
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changes in social and economic life. Animated by a 
spirit comparable only to that of the old buccaneers, 
these applied scientists, building upon the discoveries of 
the pure scientists, exploited all fields of human activity. 
They tunneled mountains, united oceans, spanned rivers, 
harnessed cataracts, ransacked the bowels of the earth. 
They built great cities of stone and steel and cement, 
and tied them together with ribbons of iron. They have 
sent their voices careering to the uttermost parts of the 
earth in the winkling of an eye. They have eliminated 
distance, checked the ravages of disease, lengthened life, 
rejuvenated old age. They have taught men to soar like 
eagles and to swim beneath the waves like fish. They 
have manufactured lightning. Science has made pos- 
sible the invention of machines so much more productive 
than anything men dreamed of a century ago that our 
very social and economic theory has been modified. Once 
the problem of industry was to produce enough goods to 
supply the world’s needs; today it is how to arouse in 
men’s minds new desires and new appetites urgent 
enough to lead them to consume all that industry can 
produce. Once industry feared famine; now it worries 
about over production. 

And yet wonderful as is modern civilization, there are 
those who would have us believe that we are even now 
on the threshold of discoveries which will make our 
boasted life of today seem cheap and tawdry. J. B.S. 
Haldane, for instance, has given us a picture of civili- 
zation a hundred years from now, modified by what sei- 
ence will make possible. He shows us a world utilizing 
new sources of power to the abandonment of coal, using 
processes of manufacturing sugar that will make sugar 
as common and as cheap as saw dust, regulating by ap- 
plied genetics the sex of children born, possibly manu- 
facturing in biological laboratories synthetic babies 
(mirabile dictu). To be sure there is a merry twinkle in 
Mr. Haldane’s eye and a slight twitch about the mouth 
that warns the gentle reader not to take him too seri- 
ously. 

When we turn from the future sketched for us by the 
staid and owl-eyed university professor to the future 
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as seen by the dreamer, like H. G. Wells—the novelist,— 
we are struck by the similarity of the two pictures. In 
two of his more recent novels—‘‘Men Like Gods’’ and 
‘“The Dream’’—Mr. Wells has undertaken to show us a 
purely scientific world from which all disease germs have 
been banished, over population scientifically checked, 
prejudice and hatred and stupidity eliminated. To both 
scientist and dreamer science is Prometheus who be- 
stows upon mankind the fire of heaven. 

. It is almost like waking from a beautiful dream by 
falling out of bed to read on the first page of a little 
book by Bertrand Russell these words: 

‘‘The changes wrought by science have been partly 
good and partly bad; whether in the end science will 
prove to have been a blessing or a bane to mankind is, 
to my mind, still an open question.”’ 

And to read in a recent magazine article this— 

‘‘Science has given us more ways than ever before of 
frittering away our time. It has taught us more about 
large scale methods of killing one another and destroy- 
ing property. But it is a question whether, on the 
whole, science has yet added much to the subtler aspects 
of human happiness.’’ 

To be sure, we might dismiss these two writers as 
weeping philosophers, but it would be the better part 
of wisdom to hear what they have to say in support of 
their assertions. We may let Mr. Russell speak. 

If man were a rational being, says Mr. Russell, sci- 
ence might and probably would increase his happiness 
and well being; but whatever else he may be, he is not 
a rational creature, but rather a bundle of instincts and 
passions so deeply rooted in life that even education has 
done but little to remove them. The biologists say that 
an animal in a stable environment, if it does not die out, 
soon adjusts itself to its environment, i. e., acquires an 
equilibrium between its passions and the conditions of 
life. But science has suddenly and radically changed 
these conditions with the result that man’s moral and 
social balance has been upset. Nature has changed 
rapidly, but human nature has changed almost imper- 
ceptibly. Thus science has given those who have power 
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the means of realizing their purposes more fully than 
ever before. If their purposes are good, then civiliza- 
tion has gained; but if their purposes are evil, then sci- 
ence may become an actual menace. 

No one claims that science is a substitute for virtue. 
If then science has merely multiplied man’s means of 
satisfying his desires without having changed the quality 
of those desires, then it may well turn out that, like 
Frankenstein, we have created in science a monster 
that will kill the very things we cherish and curse us 
with the evil for which it may be used. Has science 
given us more self control, more kindliness, more power 
of discounting our passions? To what use was science 
put during the Great War? To the relieving of pain, 
to the saving of life, you say. Yes, but also to the mak- 
ing of deadly poisonous gasses and liquid fire to hurl 
on human beings; to the throwing of great shells on 
priceless treasures of art; to the starving of men, women, 
and children. Are these the gifts of Prometheus or of 
Frankenstein? Is the world yet safe for science? The 
tiger and the ape still live within us, with apparent vigor. 
We are as Touchstone would say, ‘‘in a parlous state.’’ 
What can education do to furnish us escape? 

Two things clearly must be done better than they have 
been and are being done. First, we must extend the 
scientific method of thinking; and, second, we must make 
a greater use of art in changing the quality of men’s 
desires, emotions, passions. The one is the way of the 
brain; the other is the way of the heart. 


The advances made by sciences were not the result 
of blind accidental forces. Scientific progress came only 
because scientists were animated by a spirit and made 
use of a method. Before they could perform modern 
miracles, they had to evolve a method of thinking. They 
had to cast aside every superstition that hindered, to 
divest themselves of all forms of prejudice, to discipline 
their minds to deal with facts dispassionately, to strip 
their minds of every passion but one—the passion for 
truth—and, when the truth was found, to face it un- 
flinchingly with a fine disregard for the consequences. 
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The spirit of the scientist is the spirit of the humble 
learner, laboring without prejudice or rancor. 

Does it not seem passing strange that so shining an 
example as the modern scientists has produced so little 
effect upon the great mass of thinking? The truth is, 
asserts James Harvey Robinson in his ‘‘Mind in the 
Making,’’ that outside of science, the world has never 
tried intelligence on any large scale. In the midst of all 
the changes about us the human mind has changed but 
little. Thus, while we are living in the environment of 
the twentieth century, our thinking is still too much that 
of the Dark Ages. We nurse our prejudices, hug our 
delusions, and repeat outworn shibboleths in politics, 
religion, social life, and even education. It is the first 
business of education to attempt to emancipate the mind 
from narrowness and prejudice. 

But education must do more than that if it is to make 
the world safe for science. It must attempt more ser- 
iously than ever before to change the quality of the great 
mass of emotion that remains. Emotions play a large 
part in life. If we could only find some way of trans- 
forming the baser emotions into the nobler ones, emotion- 
al alcheny as it were, how fortunate we would be! But 
how can we substitute unselfishness for selfishness, 
sympathy for envy, love for hatred, good for evil? There 
are two possible approaches, only one of which the public 
school ean concern itself with in our system of education. 
They are religion and art. Of the first we shall say 
nothing, but we must pause briefly to discover, if pos- 
sible, the service which art may render through purging 
and refining human passions. 


‘“‘The mother who seeks to soothe her erying child 
preaches him no sermon. She holds up some bright 
object and fixes his attention. So it is with the artist; 
he makes us see and feel. He brings the world before us. 
The world becomes a spectacle. The artist takes up 
some fragment of existence, transfigures it, and shows 
it. Lo! There it is. The spectator is filled with en- 
thusiastic joy and the transcendent adventure of exist- 
ence is justified.’’ 
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So writes Havelock Ellis in ‘‘The Dance of Life.’’ 
Religion is the soul’s search for salvation; science is the 
soul’s thirst for the reason of things; art is the soul’s 
thirst for beauty. There is this noteworthy character- 
istic of the aesthetic contemplation of any work of art; 
it engenders neither hatred nor envy. Unlike the things 
that appeal to the possessive instinct, aesthetic contem- 
plation brings men together and increases sympathy 
among them. And herein lies the potential power of art 
in our civilization. Art speaks a universal language and 
obliterates those things which divide men. Our educa- 
tion must be so organized that those art objects are pre- 
sented which arouse and develop those emotions which 
bind men together, and submerge those emotions which 
separate and divide them. 

‘*Art,’’ say Albert Wiggam in The New Decalogue of 
Science, ‘‘is the Ark of the Covenant in which all ideals 
of beauty and excellence are carried before the race. 
Science deals with matter and energy, but art deals with 
life. Four-fifths of life are not in the realm of science 
at all. They lie in the field of beauty, art, imagination, 
dreams. And it is only when art can give men beautiful 
dreams that they will progress in mind and person 
toward that ‘sweet fulfillment of the flesh’—heauty.”’ 

Art is the flowering of the human spirit; man’s high- 
est and deepest criticism of himself; the interpretation 
of his passions, his hopes, his fears, his vices, his virtues, 
his foolishness; the expression in imperishable forms of 
his dreams and aspirations. It is the artist and he alone 

sees in the mould the rose unfold, 
The soul through blood and tears.’’ 


and who reveals for us what he sees. If he be a poet, 
he expresses it in a Paradise Lost; if a musician, in a 
Ninth Symphony; if a sculptor, in a Venus de Milo; if 
a painter, in The Dance of the Nymphs. 

Recently it was the speaKer’s good fortune to hear the 
Russian Symphonie Choir. When the beautiful strains 
of the ‘‘Lord Have Mercy’’ were reached, he was com- 
pletely melted. If he had thought of his enemy on com- 
ing into the room, that enemy was dead now; if he had 
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thought mean, selfish thoughts, he did no more. One 
could not listen to music like that and plan a wicked or 
an ugly deed. Said Shakespeare, 


‘*Music hath charms to soothe the savage breast’’ 


and in the Merchant of Venice he makes Jessica say, 


‘*The man who hath no music in his soul 
Is fit for treasons stratagems and spoils.’’ 


What is true of music is true also of pictures. Beauti- 
ful pictures can 


‘*Cleanse the stuffed bosom of that perilous stuff 
Which weighs upon the heart 


In his little book ‘‘Edueation as World-Building’’ 
Thomas Davidson tells us that if each individual is to 
build that harmonious inner world which shall satisfy 
the desires of the soul, our education must take care to 
present those objects which shall awaken the desires we 
wish to cultivate, then develop those desires by repeated 
exercise into habits. By failing to present other ob- 
jects, certain desires will either never be awakened, or 
if awakened, slowly atrophy. The desires aroused by 
the Age of Innocence, or Raphael’s Madonna can hardly 
be other than good. 

There is no time here to speak of sculpture or archi- 
tecture, and the speaker does not know enough about 
them to speak convincingly. But he does know that on 
the few occasions on which he has looked upon Shaw’s 
Memorial Bronze Relief on Boston Commons facing the 
State House, a something flowed from the bronze into 
his soul, a Something that lifted and inspired until he felt 
like exclaiming with Macbeth, 

‘*T dare do all that may become a man; 
Who dares do more is none.’’ 


But there remains literature, that one of the fine arts 
which uses life as its stuff and language as its medium. 
Its primary appeal is to the feelings, which it exalts and 
purifies. In the tragedy of the Greeks there was what 
was called ‘‘ Katharsis’’—the purging of the soul through 
the emotion of pity. Great literature always has some- 
thing akin to this power. 
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The aim of the poet is still the ancient quest for beauty, 
order, harmony in life. He conducts that search with a 
zeal that refuses to be daunted, no matter how miserable, 
ugly, or painful life itself may be. Great poetry is great- 
est when it touches the universal longing for a perfect 
world. After all, the poets are men and women haunted 
by sights and sounds which to ordinary mortals are but 
darkness and silence. Poets are the true seers and list- 
eners without whom we would still be blind and deaf. 
It is not the poet’s business to make a new world but 
to advocate it; not to save men’s soul, but to make men’s 
soul’s worth saving. 

Lost in a book! May be sailing the wine-dark sea with 
Odysseus; descending into Hell with Dante and Vergil; 
exploring the soul with Browning; plumbing the depths 
of human misery with Victor Hugo; or triumphing over 
death and grief with Tennyson,—these are the moun- 
tains of transfiguration. 

‘*Ah,’’ some one says, ‘‘how transitory are these sub- 
lime moments!’’ True. But for one transcendent mo- 
ment they were real, and while they lasted we were men 
like Gods. And even the memory of those moments is 
potent. Art is, indeed, a factor in human happiness, 
because by its means common men are made partakers of 
the vision of uncommon men. 

Is then, science to be Prometheus or Frankenstein? It 
all depends. The issue lies not with the gods but with 
men. If men use science as a means of extending power 
over nature, but refuse at the same time to use art as 
a means of extending power over human passions, it may 
turn out, as some think that like Frankenstein’s creature, 
science may become a curse. But it need not be so. 
There is no conflict between science and art; rather they 
complement and supplement each other. The Greeks 
thought that education consisted in teaching to love and 
hate correctly, and Plato said that the true aim of edu- 
cation should be to give ‘‘the body and the soul all the 
beauty and perfection of which they are capable.’’ Meis- 
ter Eckhart said, ‘‘A man is what he loves.” If through 
art we can make men love truth rather than prejudice. 
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light rather than darkness, beauty rather than ugliness; 
if we can get men to love the beauty of noble music, 
noble pictures, noble architecture, noble literature, and 
to despise jazz, cheap pictures, mean architecture, and 
ignoble literature, we shall be doing something to pro- 
claim the reign of Prometheus and to make the world, not 
safe for democracy, but for science. 
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SOME CHANGES IN METHODS OF TEACHING 
SCIENCE. 


Wiuuiam F, Rice, NorracentraLt Cotitece, NAPERVILLE. 


It is scarcely fifty years since science became a recog- 
nized part of our secondary school program. It is not 
many more since it was accorded standing in the college 
curriculum. In a paper on ‘‘Liberal education of the 
nineteenth century’’, read before the thirteenth annual 
meeting of the National Educational Association at El- 
mira, N. Y. in 1873, by ProfessorW. P. Atkinson of the 
Massachusetts Institute of Technology he says: ‘‘ As the 
influence more profoundly modifying our conceptions of 
liberal education than any other, I reckon the advent of 
modern physical science * * * from this time forward 
destined to play a wholly new part in our system of lib- 
eral education. * * * I am far from believing that its true 


place, as a factor in the new education, has yet been 
determined’” 


The report of School No. 1, Wilmington, Delaware, 
for 1872 says: ‘‘The school possesses new and well-se- 
lected apparatus for illustrating physiology, natural phi- 
losophy and chemistry. A series of lectures upon nat- 
ural philosophy and chemistry was delivered during the 
winter by Col. A. H. Grimshaw, president of the board 
of education, and a series of lectures upon botany was 
given in the spring by William Canby, Esq.’” 

One per cent of the pupils enrolled in the secondary 
schools in 1872 were reported as preparing for the study 
of science. The part science courses were destined to 
play in secondary education was indeed far from deter- 
mined at that time. Prof. D. C. Gilman, of Sheffield 
Scientific School, in a special report for the Bureau of 
Education in 1871 quotes from an article in the North 
American Review of October, that year, as follows: 
‘‘Nothing, therefore, can well be more unfortunate for 
the cause of education than that misunderstanding 
should prevail between the representatives of two de- 

1Rep. Proc. N. E. A. 1873. 


2 Rep. U. S. Commissioner of Education, 1872. 
1Rep. U. S. Commissioner of Education, 1872. 
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partments of study so nearly agreeing in both object 
and method, (literature and science) which are not an- 
tagonistic and hardly even antithetical, but rather sup- 
plementary to one another; nothing sadder than to hear, 
on the one hand, the works of man decried as a subject 
of study compared with the works of God, as if the 
former were not the works of God, or as if the latter 
concerned us or were comprehensible by us, except in 
their relations to us; or, on the other hand, to hear 
utility depreciated and facts sneered at, as if utility were 
not another name for value, or as if there were anything 
to oppose to facts save fictions. Men may dispute as 
to which is the foremost, but it is certain that these 
are the two feet of knowledge, and that to hamper either 
is to check the progress of culture. Each has its unde- 
sirable tendencies, which the influence of the other must 
help to correct; the one makes for over-conservatism, 
the other for over-radicalism; the one is apt to inspire a 
too credulous trust to authority, the other an over-ween- 
ing self confidence, a depreciation of even rightful au- 
thority, a contempt for the past and its lessons. Both 
alike have an imperative claim to our attention and up- 
on their due combination must rest the system of edu- 
cation, if it would be disciplinary.’’ 

Manifestly science was expected to serve as an added 
discipline. We have practically discarded the disciplin- 
ary idea from our pedagogical theory as such, but not 
in its application to science teaching. The phrase ‘‘scien- 
tific method’’ is frequently found, even in the utterances 
of teachers’of science, to convey the idea of a discipline. 

The real function of the science courses now in our 
high schools is still vague in the minds of many of our 
instructors and in the minds of the pupils it is naturally 
vague to a greater degree. Without definiteness of ob- 
jective, definiteness of procedure is hardly attainable. 
Among the objectives proposed have appeared the fol- 
lowing: 

1. To study the marvels of creation. 

2. Through knowledge to gain power over nature. 

3. To discipline the mind in rational thinking. 
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4. To master certain details of application to daily 
need. 

5. To give freedom from superstition and ignorance. 
Perhaps they have shown dominance in the order given. 

School science arose from the revolt against a profit- 
less philosophy. Too far it assumed the habiliments and 
the authority of the tyrannical Grecian dialectic it de- 
throned. Too little has it acknowledged its essential 
oneness with the practical science of the workshop. 

The first change needed in science teaching is ante- 
cedent to method. It is a change in definition. Primar- 
ily science is knowledge and comes by observation. 
Spencer has brought us harm by his definition of science 
as classified knowledge. Not that it is untrue but that 
we have been encouraged to misinterpret and to dispro- 
portionately emphasize the first term of the definition. 
We need to think of science for our practical purposes 
genetically, if I may so use the term. No great harm 
would be done if we should revert somewhat to the days 
of Tyndall, of Faraday and of Henry, to the joys of 
observing facts we do not always have explained be- 
forehand in our manuals. We should take some of the 
stigma from empiricism and attach it to the irrational 
acceptance of other men’s generalizations. To Quote Dr. 
G. Raymond Wakeham of the University of Colorado: 
‘“Teachers, in particular, should be taught to distinguish 
most carefully between the actual knowledge in their 
possession and the theories which, however attractive 
from the purely intellectual viewpoint, are nevertheless 
merely theories, and subject to the constant flux which 
scientific learning undergoes.’ As Prof. Hans Driesch 
of Leipsic says, ‘‘There is a group of elements of knowl- 
edge which we propose to call the accents of the group 
of truth: The accent of being in order, of being final 
with regard to order, of being ‘true’; the accent of being 
not in order, of ‘being wrong’, the accent of perhaps, or 
‘maybe’. * * * The accent settled is very important for 
the old and famous problem of a classification of the 
sciences. Take, for instance, the science of biology. It 


1In The Independent, Mar. 12, 1926. 
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implies that physics is settled; this in turn implies the 
being-settled of geometry; this, in its turn, of arith- 
mete, and arithmetic, in turn, of pure formal logic.’” 


We must free ourselves from the fetishes and super- 
stitions of a callow science as well as from those of a 
darkened religion if we would be free. Karl Pearson 
says, ‘‘Does a law of nature really exist before man has 
given expression to it? Has the word any meaning 
when unassociated with the mind of man? I hold that 
we must definitely answer ‘no’ to both of these questions. 
A scientific law is the ‘resume’ or brief expression of the 
relationship or conceptions, and exists only when for- 
mulated by man.’’* Bacon says, ‘‘Men believe that 
Their reason is laid over their words, but it happens, 
too, that words exercise a reciprocal and reactionary 
power over our intellect. Words, as a Tartar’s bow, 
shoot back upon the understanding of the wisest and 
mightily entangle and pervert judgment.’” 

Philosophy should be given a place beside science in 
the teacher’s thinking and the two must work cooperat- 
ively and no longer in confusion. Philosophy may the- 
orize, science must know, or it must suffer discredit. Our 
high school pupils cannot do creditable work as philos- 
ophers, and must not be expected to. They can do 
better work as observers and should be required to. 


Science must furnish us all our experience of the phe- 
nomena of matter and through the interpretation and 
integration of these phenomena our knowledge of self 
and of our fellow men in relation to the material environ- 
ment. Science does not deal with essence nor with first 
causes. Its duty is to observe and generalize all these 
phenomena. The part of school science is to select and 
arrange these facts and generalizations as stimuli for 
our pupils’ reaction and generalization consistently with 
their own rational integration. 


We do not require a pupil who is learning the arith- 
metical economics of thrift in the keeping of accounts 
and the computing of interest to master the theory of the 


2“The Crisis in Psychology” Princeton Univ. Press, 1926. 
1Quoted by Miller and Hargreaves in “The Self-directed School”, 
?In “Novum Organum”, 
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clearing house and the reserve bank. They did not exist 
when we studied arithmetic and they may be superseded 
by the time our pupils graduate from college. Why 
should we require our high school students to profess an 
intellectual position on the theories of evolution and rel- 
ativity when, if one may judge from the respective camps 
of scientists on the various sides of these questions, they 
stand more than an even chance to find themselves in 
a losing party when they have reached maturity? 

When we have defined our purpose and limited our 
subject matter we will then be prepared to put our lab- 
oratory practice on a basis to yield much more practical 
returns. 

Some conception of a laboratory as a tool for study 
has been maintained since the days of Rabelais. Skill 
in laboratory practice has grown apart from mastery of 
the scientific principles which the laboratory was de- 
signed to further. Witness our habit of assigning grade 
marks separately for recitation and for laboratory work. 
There is no justification for this divorce on any rational 
ground of incompatibility. Nothing but the vestigial 
doctrine of formal discipline can explain their unfruitful 
relation. From the first the project has been recognized 
as the perfectly obvious method for individual work and 
potentially for group work by students in science. Two 
things have prevented its logically general adoption: 
First, the lack of resourcefulness and mastery of the 
subject by the teacher; Second, economy and too rigid 
standardization in laboratory equipment and supplies. 
Remedying the first would soon remedy the second. The 
prepared teachers too often die or quit before their suc- 
cessors are qualified and elected. In agriculture the pro- 
ject has been so much the easier form of laboratory prac- 
tice that it has been impossible to so standardize and 
conventionalize a method in that science as to render it 
altogether insipid. Certain studies have been reported 
made at Northwestern University that seem to show that 
the lecture methods of Tyndall, of Silliman and of Henry 
yield better results as measured by certain examinations 
than the modern laboratory method of recipe-book man- 
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ual and elaborate nickel-plated apparatus. Certainly 
the predicted results in scientific learning are not being 
uniformly attained in high school science. Sporadically 
they are attained, usually in some school where some 
form of a part-time or credit-for-home-work plan is used. 
The success there seems as much owing to the special ex- 
cellencies of the teacher as to the method, and fades on 
the death or retirement of that teacher, and it does not 
thrive well when transplanted. After all, to improve 
the science teaching we must improve the science teacher. 
Perhaps to associate each science more with its appro- 
priate arts and so to increase its natural associations 
may, when we become sufficiently familiar with the tech- 
nic, prove as thought-provoking and mind-invigorating 
to us teachers as the attempts we have been making to 
masquerade science in the garb of philosophy. 
Professor Jared Sparks Moore begins the introduc- 
tion to his ‘‘ Foundations of Psychology’’ by quoting the 
opening sentence of Karl Pearson’s ‘‘Grammar of 
Science’’: ‘‘There are periods in the growth of science 


when it is well to turn our attention from the imposing 
superstructure and to carefully examine its founda- 


tions.’’ Moore continues, ‘‘Experimentation goes mer- 


rily on, building up a truly ‘‘imposing superstructure’’ 
where a half century ago was nothing at all, but instead 
of one foundation fitly joining all the. parts a number 
of distinct and mutually destructive foundations.’’ 


Nothing is more destructive of business prosperity, 
nothing more subversive of governmental efficiency, noth- 
ing more divisive of neighborhood harmony than is loss 
of confidence. These losses are all moral losses. Confi- 
dence in the stability of things ‘‘assumed as settled’’ is 
the basis of moral advancement. I do not know that 
moral conditions are worse among our young people than 
they formerly were. Sometimes I think they are better, 
but I am sure they are not so good as we expected them 
to be by this time when we entered with high hopes, 
near the close of the last century, upon new methods and 
new means of training. 
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The subject matter of our teaching is popularly 
charged with being contributory to the alleged moral fail- 
ure of the young people of today. On the theory that 
‘‘where there is so much smoke there should be some 
fire’’ the allegation should be investigated. No amount 
of physical, intellectual or economical advantage can 
atone for the loss of moral stability. Whether science 
teaching has been to blame for past deficiencies or not, 
science teachers will in the future be blamable if they 
do not do what they can to encourage higher moral pur- 
poses and to create improved social and religious atti- 
tudes in the youth now in their charge. 

I wish to be understood as believing that the study of 
science may be made not only helpful in the production 
of better moral ideals in our youth, but also that it may 
be made many times as effective toward that end as it 
has been in the past. This may be done by the exercise 
of a definite method of teaching with that end in view 
by a teaching body who have faith in the Creator and in 
his establishment of a moral order for the universe. A 
mechanistic philosophy as the presumptive basis of scien- 
tific thought under the direction of an atheistic teaching 
force can be prevented from its logical consequence of 
social and civil anarchy only by the power of an over 
ruling and long suffering Providence. 


There have been atheistic philosophers a plenty in the 
past, but there have been very few true scientists, and 
they not of first rank, who have failed to see the handi- 
work of a personal, omnipotent and man-loving God in 
nature. The works of God, as well as his word, testify 
in no uncertain tones to ‘‘those who in the love of nature 
hold communion with her visible forms’’. We do ill when 
we fail to emphasize the harmony of revelation and the 
material universe. It is not strange if our youth are 
confused by the conflict of their school instruction with 
that of the home and of all that is finest and most en- 
during in literature and biography. 

The conclusions, then, of this paper are that we need 
to turn the emphasis of our teaching in science from rea- 
soning to observation, from theory to fact. We need to 





408 ILLINOIS STATE ACADEMY OF SCIENCE 


turn from the speculative to the practical in our applica- 
tions. We should take up our share in the work of es- 
tablishing ideals of confidence in a justice that rules the 
universe, a wisdom that dwells in the traditions of moral 
and civil authority and an integrity immanent in the 
instinct and intuition of mankind. We should teach a 
positive and not a negative or a hypothetical science. 
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THE JOB ANALYSIS IN VOCATIONAL AGRICUL- 
TURE. 


C. S. Anperson, Dept. or Acr. Epucation, University oF 
ILLINOIs. 


Agricultural education to be vocational must prepare 
or improve the student so that he may enter the vocation 
of farming fitted to pursue his chosen vocation efficiently. 
Farming is different from most vocations or professions 
since the farmer must be an operator, a manager, and 
in many cases, the owner of the business. An analysis 
of the qualifications of any successful farmer shows (1) 
that he is skilled in the various operative jobs required 
in farming (2) that he has technical information and 
scientific training which are needed in the solution of 
his managerial problems and (3) that he has a social 
training which will aid him in his relationship with other 
people. 

Any course of study prepared as a guide for instruc- 
tion in agriculture must take cognizance of these three 
essentials of successful farming. As our vocational 
agriculture curriculum is now organized in the secondary 
schools of Illinois the student of vocational agriculture 
uses one-fourth of his school time pursuing the definite 
courses in vocational agriculture. The rest of his time 
is devoted to the general education subjects which give 
him a well rounded training and fit him to take his place 
socially and politically in the community. Since the 
chief purpose of the general education subjects is to fit 
for social efficiency, specific courses in vocational agri- 
culture need not stress this essential but should concern 
itself with the preparation of the students in the other 
two essentials for efficient farming; i. e., (1) skill in per- 
forming operative jobs, and (2) scientific solution of ma- 
nagerial jobs. 

The large divisions of farm activities which usually 
constitute the nucleus for our high school courses in 
agriculture are Crops and Soils, Animal Husbandry, 
Farm Mechanics, and frequently special courses designed 
to meet a particular local need, as for example, Vegetable 
Gardening. ~ 
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By way of job analysis illustration, Animal Husbandry 
may be broken up into the following enterprises—Pro- 
duction and Management of Swine, Production and Man- 
agement of Beef Cattle, Dairying, Poultry Raising, Pro- 
duction and Management of Horses, and Production and 
Management of Sheep. 

Carrying the analysis further, each of these enter- 
prises may be divided into farm activities or jobs. Take 
for example the last named enterprise, Production and 
Management of Sheep, the following may be enumerated 
as jobs each one of which will constitute a teaching unit. 


1. Deciding upon the sheep raising enterprise. 
2. Choosing a breed of sheep. 

3. Providing houses and equipment. 

4. Selecting the breeding stock. 

5. Feeding and caring for breeding stock. 

6. Caring for the ewe at lambing time. 

7. Caring for ewe and lambs. 
8 
9 






























Keeping the lambs growing. 
Dipping sheep. 
10. Treating sheep for internal parasites. 
11. Detecting and preventing diseases in the flock. 
12. Shearing sheep. 
13. Marketing wool. 
14. Attending to registration. 
15. Providing pastures. 
16. Buying feeders. 
17. Fattening lambs. 
18. Marketing sheep. : 
19. Butchering sheep. © 
20. Fitting and showing sheep. 
Keeping records and accounts. 





There may be other enterprises and additional jobs 
within a given enterprise that a teacher will wish to de- 
velop and emphasize. This is governed very largely by 
the emphasis placed on the enterprise in the locality and 
the type of agriculture practiced. 


To illustrate the use of these jobs as teaching units, 
let us develop one into a teaching or lesson plan. 


“SAMPLE TEACHING PLAN.” 


Analysis of a job. (Left hand page of teacher’s hand book.) 
Enterprise—Production and Management of Sheep. 
Job, as teaching unit—Shearing Sheep. 
I. Farm practices. (Manipulative processes and ogprative skills.) 
1. Providing shears and clippers, seeing that fhey are in good 
repair. 
2. Making other provisions such as shearing platform, wool 
twine, etc. 
Penning up the flock. 









II. 


III. 


II. 


Ill. 
IV. 
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4. Shearing the sheep. 
5. Tying and disposing of the wool. 
6. Ete., ete. 
Technical knowledeg needed. 
1. When to shear sheep. 
How to catch and hold the sheep. 
Proper way of opening up fleece. 
Avoidance of foreign matter in the wool. 
Proper methods of tying wool. 
Comparison of clippers and hand shearing methods. 
Disposition of the wool. 
Etc., etc. 
Related and general information. 
Breeds of mutton and wool producing sheep. 
Market grades and classification of wool. 
The function of the wool and clothing industries. 
A study of the sheep and wool markets. 
. Ete., ete. 
Teaching plan. (Right hand page of teacher’s plan book.) 
Enterprise—Production and Management of Sheep. 
Job, as teaching unit—Shearing Sheep. 
Situations in the community relative to this activity. 
1. Proper time and method of shearing sheep considered rel- 
atively unimportant by most farmers. 
2. Binder twine, wire, etc., are frequently used to tie up wool. 
Tags are not removed. 
3. Farmers are receiving a low price for their wool clip. 
Objectives. 
1. To show the value of proper shearing sheep at the right 
time. 
2. To develop an ‘interest in better care of wool. 
Subject-matter—See Job Analysis Sheet. 
Methods and Devices. 
1. Materials: 
a. Samples of market grades of wool. 
b. Pictures of sheep illustrating the fleece. 
ec. Pictures showing steps in shearing. 
d. Catalogs of shearing equipment. 
2. Preparation. Develop the job analysis. Make a generous 
use of bulletins and references on shearing. 
3. Presentation. Questions for study and discussion. 
a. When should sheep be shorn? 
b. What are the ways of shearing sheep? 
c. How should a sheep be caught and held? 
d. What are the characteristics of a first class fleece? 
e. How does foreign matter affect the value of wool? 
f. What are the advantages of using wool twine? 
g. What is the average weight of clip for the different 
breeds. 
h. Etc., ete. 
4. Laboratory—Study wool samples. 
5. Field Trips—Practice in shearing sheep. 
6. Testing—-Based on farm practices, technical knowledge and 
ragated general information. 
7. Notes. 
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It is a natural easy matter to develop a class recitation 
from such a plan. After introducing the job put to the 
class questions similar to, ‘What manipulative processes 
are involved in this job?’ (Make a generous use of the 
blackboard.) 

In a few minutes you will get from the class what vou 
have on your analysis sheet. Now ask which of these 
processes are skills; that is, which need training to be 
accomplished. Check on the blackboard. Then the next 
question, ‘What practical information should a farmer 
possess to do this job in the most intelligent way?’ 

You will soon get from the class all that it has to give 
and you will be aware of the fact that you have not 
all the information you need. As a rule pass over at 
this point the related and general information listed on 
the analysis sheet. 

Now ask questions of the following nature: How have 
you actually done this job? How is this job being done 
on your home farm? How do the farmers in the com- 
munity do the job? You may have to bring out or tell 
of situations not mentioned. 

This leads to the question, ‘What will we have to learn 
in order to do the job the way it should be done?’ The 
question brings forth the class objectives. Certain skills 
and knowledges may be so well known that they need not 
be included among the objectives. 

The, final step is a definite assignment of questions; 
usually those found under ‘‘ Methods and devices’’ in the 
teachers plan. Reference books and bulletins should be 
provided. The pupils are now ready for directed or su- 
pervised study which will lead them to a solution of the 
problem at hand and to the related and general infor- 
mation pertaining to the job activity. 

The following may be cited as reasons for developing 
our vocational agriculture teaching on the job analysis 
basis: 

1. The farmer’s job basis permits the teaching of fundamentals in 
close connection with a definite practical production problem in the 
enterprise being considered. 

2. The farmer’s job basis leads pupils to reason out problems that 
are real in the farm business rather than work on hypothetical cases. 

3. The farmer’s job basis is a natural unit of work and, hence, a 


good teaching unit because natural teaching units are better than arti- 
ficial ones. 
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4. The farmer's job basis teaches pupils to think in terms of prob 
lems or questions which are motivated by the pupils’ knowledge of the 
common farm practices and also by the economic returns possible. 

5. Specific job statements or problems hold the pupils’ thinking 
to one definite point—no chance to wander over the field of subject 
matter as is true in “topical study.” 

6. The farmer’s job basis gives a definite objective for each les- 
son. This objective if based on the farmer’s job is vocational. The 
individual lesson must have vocational objectives that are well defined 
if the course as a whole is to have a well defined vocational objective. 

7. The farmer’s job basis helps us train boys in farming for a 
particular region by selecting for teaching those jobs actually done by 
farmers in that region. 

8. The farmer's job basis enables the teacher more easily to prop- 
erly allot the teaching time to the various enterprises because the 
method of teaching will be selected for the lesson unit (farmer’s job) 
instead of for the enterprise as a whole. 

9. The farmer’s job basis is easier for the teacher to organize the 
material for teaching because it is a normal natural organization based 
upon specific work done. 

10. The farmer’s job basis is easier to teach using the job as a 
teaching unit because the child with farm experience ‘has already 
naturally worked this unit. This gives opportunity to base the teach- 
ing upon the child’s experience. 
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A SUCCESSFUL BOTANICAL CLUB. 
Wiuarp N. Cuivre, Jouret, In. 


The Joliet (Ill.) Botanical Club seems to be unique in 
that it originated as a high school club, has weathered 
the vicissitudes of nearly a quarter of a century, and has 
carried over into maturity its youthful spirit and a fine 
attitude toward the investigation of botanical problems. 
Now that it has taken its place as one of the important 
clubs of its city and is affiliated with the State Academy 
of Science, it has been suggested that some account of 
its organization and activities might be useful to others 
engaged in promoting similar clubs and the following 
sketch is accordingly presented. 


The Joliet Botanical Club was organized early in 1906 
by a group of high school students interested in a further 
study of plant-life and has always been conducted and 
sponsored by the students themselves. At the beginning, 
the average, age of the members was less than 16 years 
but all the officers were students. The rules of the school 
required that a teacher be present at all meetings of 
clubs, but at no time has a teacher held membership in 
the Club by virtue of being a teacher, or exerted any 
pressure in shaping its policies. With the passing of the 
years, however, many of its members have themselves 
become teachers and have held various offices in the club 
with credit to themselves. At present the membership 
includes physicians, lawyers, editors, scientists, and dip- 
lomats as well as business-men and housewives. Rep- 
resentatives are found in six states and in foreign coun- 
tries. 


Too often the originators of school clubs appear to con- 
fuse the idea of success with mere bigness. They en- 
deavor to include all the students of a given subject in 
the membership regardless of the permanence of their 
interest. Any restrictions regarding membership are 
usually regarded as undemocatic, but our experience has 
been that a large number of lukewarm members who have 
joined simply because of the good times expected or be- 
cause others were joining, is an ever-present source of 
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trouble. If a club is to endure, all its members should 
be in earnest. 

It was probably some consciousness of this fact that 
led the Club at its first meeting to lay down the rule 
that no person should be eligible to membership who had 
not a credit of at least 85 for a semester of botany. More- 
over, much dissension was avoided by the provision that 
all candidates for membership must have the unanimous 
vote of the Club to be elected. These restrictions, in- 
stead of serving to discourage prospective members 
proved a great stimulus to study. Membership was 
looked on as not only a pleasure but a distinction. Every- 
body, therefore, was intent on making the coveted grade 
and needed few other inducements to study. Since bot- 
any in this school was elective, it naturally: attracted 
to it those who had some taste for plant life and the Club 
itself might be described as a re-selected group. In the 
beginning the study was patronized largely by the girls, 
but when it became known that botany was something 
more than pulling flowers to’ pieces and making an her- 
barium, the boys were attracted in ever-increasing num- 
bers and ultimately outnumbered the girls. 

It may be observed in passing that a school club may 
be killed as easily by the attitude of the teacher as by 
a lack of interest on the part of the members. In gen- 
eral, clubs should not be designed for the encouragement 
of the beginner. They should not be mere after-school 
classes; on the contrary they should offer relaxation 
from the more formal work of the class-room. The 
teacher in charge would do well to be as little in evidence 
as possible. He should be able to drop his professional 
dignity and mingle with the members on equal terms, 
for the time. Least of all should he endeavor to direct 
the studies of the club or to exercise any special author- 
ity or discipline. If he cannot refrain from this he 
should at least take to heart the definition of success 
which runs to the effect that ‘‘Suecess lies in making 
others do what you want them to, and like it! 

In our club we have found that a good deal of fun 
may be mixed with the more formal discussions of 
science without harm. The members should enjoy the 
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pursuit of knowledge in the club, whether they are fond 
of it in class-room and laboratory or not. A teacher who 
infers that a student who looks happy cannot be study- 
ing had better turn the job over to somebody else. 

After a considerable number had graduated from high 
school, the difficulty of returning for meetings led to a 
demand for a branch of the club to meet evenings and a 
new club with the old name began a successful career. 
Meetings were held in the homes of the members and 
new members were drawn from the old club as fast as 
graduated. At length a conscientious teacher attempted 
to make the high school club into an after-school class 
for all students and the latter club soon ceased to exist. 
Those who had a permanent interest in botany joined 
the evening club. 

Naturally, picnics, field-trips, skating-parties, camp- 
ing trips, bob-rides, and the like figured largely in the 
early activities of the Club. Those who may protest that 
some of these have little of botanical value in them are 
reminded that interest is necessary to attention and that 
it was rare for an expedition to come home empty hand- 
ed, even in winter. At present, though some of the mem- 
bers are no longer young, they are still youthful and as 
ready for the exploration of new fields as anybody. 

In the early days, nearly all the trips were really 
‘*hikes’’, a method still to be recommended to botanical 
students, but as the use of the automobile increased, trips 
extended further and further afield. Starved Rock, the 
dune region of Lake Michigan, the Mazon Creek fossil 
region, and similar attractions were visited again and 
again, while smaller parties have explored the country 
from the coast of New England to the deserts of the 
Southwest. A favorite method for trips nearer home, is 
to run out to some town, tramp across country to another, 
and return by train. 

Every one of the Club’s four hundred meetings has 
been a joyous occasion and on each some time has been 
given to the study of scientific matters. The programs 
were made by the members and in the early years, as 
night be supposed, savored largely of the economic side 
of botany. Edible plants were especially favored as 











PAPERS ON HIGH SCHOOL SCIENCE AND CLUBS 417 


subjects for discussion and the markets were scoured for 
unusual specimens. The resulting papers were invar- 
iably accompanied by samples for testing. In this way 
the Club has investigated the merits of the dasheen, lit- 
chi, okra, feijowa, avogado pear, pinon nut, lingon-ber- 
ries, St. John’s bread, pistach, paradise and pili nuts, 
prickly pear, chinquapins, guavas, northern and tropical 
papaws in fact there are probably few food plants obtain- 
able that have not become familiar to members in this 
way. 

Another favorite subject for investigation was a fam- 
ily or genus of plants, in which all local species were col- 
lected and used to illustrate a paper concerning them. 
Such subjects as the weed-flora of Joliet, the composites 
of the region, the diatoms, puff-balls, shelf-fungi, oaks, 
etc., were carefully worked out and their distribution 
noted. Not infrequently such a study required observa- 
tions extending over an entire summer and were entered 
into with the true scientific spirit with no expectations 
of tangible reward. Whenever a member visited a dis- 
tant region, he took care to collect the botanical rari- 
ties and an interesting paper was the usual result when 
he returned. 

When the botanical features of the vicinity became 
familiar, resort was made to books. These have ranged 
all the way from Vincent’s ‘‘Plant Life’’ and Miall’s 
‘*History of Biology’’ to Punnett’s ‘‘Mendelism’’ and 
the two-volume ‘‘Chicago Textbook.’’ The ‘‘little blue 
books’’ have also supplied much good material. Some- 
times each member secures a copy of the book and comes 
prepared to take part in the discussion, and sometimes 
a single book is read to the club and discussed as the 
subject developes. At roll-call each member is expected 
to respond with an item of botanical interest, or ask a 
question concerning botany to be answered by the oth- 
ers. This latter feature has proved to be of great help- 
fulness. It may be observed in passing that all the mem- 
bers are evolutionists! 

The Club has always been fond of celebrating all sorts 
of holidays from Hallowe’en and New Years to the birth- 
days of Darwin, DeVries, Lamarck, and Linnaeus, with 
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exercises approximate to the occasion. Still more enjoy: 
able have been the Annual Dinners at which the princi- 
pal addresses have been made by eminent scientific men 
imported especially for the occasion. Thus the Club has 
become familiar with the work and personality of a 
large number of Mid-west botanists, educators, and ex- 
plorers. These festivities are always the signal for the 
assembling of a number of out-of-town celebrities, sev- 
eral of whom are now Honorary Members of the club. 

One of the elements in the present Club’s solidarity 
is its steadfast refusal to enlarge its size and hold meet- 
ings in a public assembly room. It is felt that the com- 
radship that now exists among the members would be 
lost in a wider spread of the Club. Meetings are always 
held in the homes of the members in turn, and doubtless 
always will be. The size of the club is therefore limited 
to the number that can be conveniently entertained. 
When it becomes necessary to borrow chairs from the 
neighbors on meeting nights, the list is declared closed 
until the removal of some member to other fields creates 
a vacancy. The waiting list is now so long, however, 
that a new and separate organization has been proposed. 

Turning from the past to the future, it may be said 
that the Club seems. assured of a continued and lively 
existence. More than 85 per cent of the members have 
gardens of their own and plants hav become one of the 
major interests'of their leisure hours. Recalling the 
numberless occasions on which an interest in plants has 
added to our pleasures, the best we can wish for others 
is a club of similar nature. 
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THE TRAINING OF TEACHERS OF GENERAL 
SCIENCE. 
SaMvE. S. Vernon, New Trier Townsure Hicu Scoot, 
Wiwnerka, Itt. 


The outstanding feature of modern intellectual life is 
the development of Science and the scientific method. 
Pasteur, one of the greatest of all scientists, once said 
‘‘In our century Science is the soul of all progress.’’ 
Just as truly today Science is the foundation of our na- 
tional advancement and achievement. We have attained 
an enviable position among the nations of the world and 
it is the scientist who in a large measure has made such 
distinction possible. 

General Science as we all know is a new member of the 
Science family. It has had what might well be called 
a ‘“‘hectic career’’. Its introduction into the secondary 
school curriculum met with doubt and antagonism on 
the part of many teachers. A study, however, recently 
completed by Benjamin C. Gruenberg, Managing Direc- 
tor of the American Association for Medical Progress, 
and Frank M. Wheat, Chairman of the Biology Depart- 
ment of the George Washington High School, points 
out three conclusions with respect to the present status 
of General Science which are worthy of note. These 
conclusions are: 

1. That there is a decided tendency to make General Science a 
continuous part of the curriculum from the lower grades on. 

2. That there is a tendency to make for General Science an as- 
sured place in the high school curricula, and 

3. That where General Science is already in the curriculum there 
is a tendency to allot to it more time in the program. 

Charles W. Lake, Assistant Superintendent of Schools 
at Cleveland, Ohio, in his address last fall before the 
Central Association of Science and Mathematics Teach- 
ers advocated a comprehensive program of Science in- 
struction from the kindergarten up through the grades 
and high sehool. Such a program in fact is actually 
being worked out at Cleveland. Such studies and such 
opinions as these serve to emphasize the growing im- 
portance of General Science in our secondary school cur- 
riculum. It seems unquestionably true that it has def- 
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initely established itself as an important part of our 
educational system. The years to come should serve tu 
strengthen its position and to make greater its contribu- 
tion to education. 


A study of the history of the development of General 
Science shows that it has passed through much the same 
history as other new subjects introduced into our school 
program. ‘Throughout the years of its existence we 
have been mainly interested in it from the standpoint of 
objectives and content of subject matter. It has come 
through some interesting changes in this respect and 
even yet is in an unsettled condition. We are not yet all 
agreed upon the purpose of General Science and what 
its content should be. Splendid studies have been made 
of this problem, such as that of the N. E. A. Committee 
on Reorganization of Secondary School Science, and the 
N. C. A. Committee on Secondary School Curricula. In 
spite of much study and considerable development there 
is still great variation in the nature of the General Sci- 
ence being taught. Throughout our own state are a 
large number of General Science teachers who have their 
own ideas about what the content of the General Sci- 
ence course should be and who have organized such a 
course for their own individual school. Such a situation 
is no cause for alarm but rather an indication of a whole- 
some and promising attitude toward this new subject 
in our school curriculum. 

Throughout these past years, marked by serious at- 
tempts to firmly establish General Science in our school 
program, we have entirely overlooked and neglected the 
problem of training teachers to teach this subject. With 
the subject in such an undetermined state it perhaps is 
only natural and wise that we should not greatly con- 
cern ourselves with this problem. As previously pointed 
out, however, General Science has now established it- 
self and we should begin to consider seriously the prob- 
lem of training teachers of this subject. Dr. R. A. Milli- 
kan of Norman Bridge Laboratory of Physics at Cali- 
fornia Institute of Technology says that ‘‘We have 
scarcely begun to touch the possibilities of Science in- 
struction in the secondary school as a preparation for 
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rational scientific living and thinking. Yet such living 
and thinking is the supreme need of today.’’' 

Within very recent times we find some normal schools, 
colleges and universities offering courses specifically 
adapted to the training of teachers of General Science. 
There are still, however, a large number of teacher train- 
ing institutions where no such courses are offered. In 
addition to this failure of the training schools to offer 
courses especially adapted to General Science teachers, 
another important factor in the problem has been the 
attitude of school administrators toward the subject and 
its importance in the school curriculum. In the past it 
has been quite the general practice in large high schools 
to allot the teaching of General Science to the teacher 
who had the lightest teaching load. General Science 
has been a ‘‘left-over’’, or an ‘‘extra’’ in the school pro- 
gram of many high schools to be given to any teacher 
who did not have sufficient work or who was willing to 
take it. In some high schools it fell in almost the same 
category with some extra-curricular activities such as 
dramatics, debate, or Glee Club. This practice reflects 
the attitude of school administrators, many of whom 
doubt its value in the educational program. It is within 
recent times that a superintendent in this state remarked 
within my hearing that General Science is the easiest 
subject in the high school curriculum to teach and that 
any college graduate should be able to teach it. It is 
high time for us as teachers of General Science to urge 
on school administrators a change in this attitude to- 
ward the qualifications necessary for the teaching of 
General Science. Such teachers should be as carefully 
chosen with respect to their qualifications as the teach- 
ers of English, History, or any other of the older sub- 
jects in the high school curriculum. 

Another very important factor in this problem of 
training teachers of Science is the tasks imposed upon 
these teachers. This problem is particularly important 
in the smaller high schools. Many of the high schools 
in our state are four or five teacher high schools. It is 


1Millikan, R. A.: The Problems of Science Teaching in the Sec- 
ondary Schools. School Science and Mathematics, Vol. 25, 966-75, 1925. 
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necessary of course for these teachers each to teach a 
number of subjects. A study made of this problem over 
the country as a whole by such men as Caldwell, Down- 
ing, and Finley, shows that only about ten per cent of 
our science teachers teach but a single subject; thirty 
per cent teach two subjects, thirty per cent three sub- 
jects, twenty per cent four subjects, and ten per cent 
teach five subjects. No figures are available for Gen- 
eral Science teachers as a separate group but it is very 
safe to assume that fewer than ten per cent of the Gen- 
eral Science teachers teach General Science only. In 
the Illinois High School Directory are listed the names 
of over 1500 Science teachers. Of these only about half 
are listed as teaching scientific subjects only. A list of 
the subject combinations would include almost every 
subject in the high school curriculum. With respect to 
those teachers teaching Science alone we may conclude 
that more than half of them need preparation to teach 
three or more sciences. 


Science is exact, and as such calls for the teaching of 
truths. The poorly trained, poorly informed teacher of 
General Science is most liable to commit the greatest 
offenses in this field of teaching. A teacher of Gen- 
eral Science cannot bluff. He either knows the facts or 
he does not. I had oceasion recently to sit through a 
most interesting General Science class. Twenty-five 
high school freshmen in this class were asking the 
teacher all kinds of questions. Most of us General Sci- 
ence teachers know something about this inquisitive age. 
The teacher in question apparently had no well-defined 
plan for the class discussion for the day and so allowed 
the boys and girls to ask questions and thus fill up the 
time and entertain the visitor present. A wide variety 
of questions were presented and discussed. In some 
cases true scientific conclusions were derived and some 
kind of a lesson taught. The crowning event of the class 
period, however, occurred when one boy asked the 
teacher how they quarried granite. The teacher replied 
by saying that they did it by driving hardwood pegs into 
the granite and then soaking the pegs with water. The 
pegs swelled as a result of being soaked and thus split 
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off pieces of granite. To most of the class this was 
satisfactory. One boy, however, had passed several 
summers at his grandfather’s farm in Vermont near a 
granite quarry. He knew better than the teacher be- 
cause he had seen them quarry granite. He objected to 
the teacher’s explanation and told how he had seen them 
drill holes with a pneumatic drill and then place a light 
charge of powder in these holes to blast loose the large 
blocks of granite. The teacher maintained his point by 
saying that there were several different methods used 
but that he thought the wooden peg method the most 
common. This is the sort of General Science teacher 
which fails to inspire confidence upon the part of the 
pupils in the teacher. Students of the high school age 
are sophisticated enough to know when a General Sci- 
ence teacher is bluffing. In this day and age boys and 
girls read scientific magazines; the daily newspapers are 
continually recording new scientific discoveries. The 
General Science teacher must be alive and must keep in- 
formed of these new truths in science. In no other sub- 
ject in the high school curriculum is there as great a 
demand and necessity for constant study and improve- 
ment of knowledge as in this field of teaching. The 
motto of every General Science teacher might well be 
that of one of our great Mid-Western universities ‘‘Quae 
cumque sunt vera—whatsoever things are true.’’ 


There are two schools of thought today with respect 
to the problem of training teachers of Science. One 
group of educators are ‘‘academically minded,’’ while 
the other group are ‘‘professionally minded.’’ The ac- 
ademically-minded group we find lay most stress upon 
the importance of the knowledge of facts and of subject 
matter. The professionally-minded group, while recog- 
nizing the importance of the teacher knowing the facts 
of his subject, place a greater emphasis upon profes- 
sional training in the technique of teaching. Reference 
has been made previously in this paper to Dr. Millikan 
of the California Institute of Technology and his belief 
in the great future of science teaching. Dr. Millikan 
leans toward the academic side of this controversy with 
respect to teacher training, believing that the profes- 
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sional side will take care of itself. Upon the other side 
of the controversy we find a number of prominent edu- 
cators whose viewpoints may well be expressed by the 
following statement made by J. E. Peabody: ‘‘What we 
most need is a crop of science teachers with a large fund 
of constructive imagination who have been trained by 
college and university professors who bow somewhat less 
reverently before the shrine of research and realize 
rather that the kingdom of heaven can be found in the 
lives of growing boys and girls.’ ? 

In commenting upon this two-fold aspect of the prob- 
lem of training science teachers Dr. Finley of Columbia 
University says that ‘‘the question of teacher training 
for our secondary science teachers is not one of subject 
matter or professional training but one of subject mat- 
ter with professional training. Best results will obtain 
when our teachers have the optimum amounts of each.’” 

Dr. Downing of the University of Chicago is quite in 
accord with Dr. Finley in the opinion that the science 
teacher ‘‘needs training in the science and art of peda- 
gogy quite as much as in the science he is to teach. Mod- 
ern pedagogy can help him because it solves his teaching 
problems on a basis of scientific facts.’’ * 

Whether we are to accept one or the other of these 
viewpoints makes little difference to us as teachers of 
General Science if we clearly recognize the importance 
of this whole problem of teacher training and lend our 
efforts to any movement which will improve the stand- 
ard of Science teaching in the high schools of our state. 
As important steps in a program with this end in view 
I would suggest the following: 


1. A recognition by school administrators of the importance of 
General Science in the high school curriculum and a demand for teach- 
ers with a broad scientific training as well as a thorough knowledge 
of the technique of teaching. 


2. The establishing of definite courses in our training schools for 
teachers of General Science—these courses to include the fundamental 
sciences and courses in the technique of science teaching. 


2 Finley, Chas. W., The Training of Science Teachers—School Science 
and peneheseets, Vol. 26, 402-407, 1925. 
Jee “2” 


4 Downing, Elliot R., The Problem of Science Teaching in the Sec- 
ondary Schools—A Comment; School Science and Mathematics, Vol. 26, 
301-303, 1925. 
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3. A school program organization which will give wherever pos- 
sible General Science only to teachers of General Science—where a 
combination of subjects is necessary, a combination of General Sci- 
ence and other sciences. 

As specific academic subjects for the training of high 
school teachers of General Science I would recommend 
the following college or university courses: 

1. Two years of Chemistry, including General Chemistry, Quali- 
tative Analysis, and Organic Chemistry. 

2. One year of Physics. 

3. One year of Zoology. 

4. One year of Botany. 

5. One year of Geology. 

Such courses should give the broad knowledge of scien- 
tific facts which is fundamental to the General Science 
teacher. The professional training of a teacher of Gen- 
eral Science should be essentially the same as that of 
any high school teacher, with special emphasis on courses 
dealing with the technique of science instruction includ- 
ing the problem of laboratory technique. 

In the final analysis of the problem of training teach- 
ers of General Science we must not overlook the fact 
that we are training teachers of boys and girls and not 
teachers of a subject. The child as well as the subject 
matter must be taken into account. As Professor Adams 
reminds us ‘‘ Verbs of teaching govern two accusatives, 
one of the person—another of the thing: as ‘Magister 
Johannem Latinem docuit’—the master taught John 
Latin.’’? And John comes first. Our function as teach- 
ers of General Science is to bring the boys and girls into 
contact with the truths of the vast field of science and 
to act as interpreters of these facts. Out of the child’s 
responses to the scienific facts and to our interpretations 
of them will come education which should serve to make 
for the child a better appreciation of life with its myriad 
of applications of science. 
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EYE VS. EAR IN BIOLOGY FOR HIGH SCHOOLS. 


L. EK. Hmpesranp, New Trier Hien Scuoor, Kenriworts. 


It is my intention here to state briefly the reason for 
the above title of my illustrated talk on Biology. 

All my life I have tried to be awake to the results ob- 
tained by every form of effort in teaching various sub- 
jects, but in Natural Science, especially, it is true that 
‘‘we do not know till we have seen.’’ 

‘Seeing is believing’ it is said but what it really 
means is ‘‘knowing’’. I am prepared to say that as a 
rule only to hear is to perceive a rumor and according 
to the dictionary, a rumor is an ‘‘indistinct noise’’ while 
according to the same authority ‘‘to see’’ is ‘‘to behold’’, 
Now this does not mean that everything that the physical 
eye looks upon is really known and understood, but the 
difference between merely hearing and also seeing is in 
caleulably great. One illustration will make this clear. 
A student gives a special report on muskrats, for in- 
stance, and the rest of the class show no interest. and 
pay very little attention to him but the teacher sallies 
forth to some part of the room and produces a mounted 
specimen from the shelves and instantly all eyes shine 
with interest and everybody straightens up in his seat 
and it is absolutely evident that their minds are in the 
act of registering impressions and that some of these 
will be. permanent is evidenced by the interest shown. 
Thus teaching is made easy and a pleasure to the teacher 
and often a delight instead of a task to the learner, 

We have heard much about visual education in recent 
years but it always seems to leave the impression that 
such methods are concerned with slides and films. Why 
not emphasize the use and accumulation of real things of 
the natural world in comparison to which the pictures 
on the screen are only shadows? Of course there is al- 
ways room enough for slides and films of things not 
attainable, not adapted for the laboratory shelves and 
walls. What I mean is why not fill our laboratories liter- 
ally full of materials that wil aid in arousing an inter- 
est in Natural Science for it must be the chief province 
of teaching any subject in our curriculum to interest the 
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student; for then the learning process too is almost as 
good as achieved. What surprises one often in visit- 
ing secondary schools, and many colleges as well, is the 
very small collection of specimens as though the entire 
purpose of teaching Natural Science were attained by 
having only the essential materials to illustrate cardinal 
principles and nothing for the general interest of all the 
school and community. It is easily possible to make our 
Biology Departments centers of community interest by 
a little effort on our part for soon the students and the 
entire community will be working with us in acquiring 
most interesting materials to such an extent that we will 
not have room to display half the stuff. This happened 
in our department at New Trier long ago. At present 
we have over a thousand bird eggs which we cannot dis- 
play and files of both botanical and zoological and even 
geological specimens that are hidden from sight either 
by being piled up in show cases or as in the case of large 
mounted fish stored in the tower until such a time when 
the Board of Education shall see fit to build us real up- 
to-date quarters in which these things can be properly 
displayed and saved from gradual destruction by dust 
and vermin. 

Just at present we are receiving through the influence 
of our Principal a small Arctic Collection as a present 
from Captain MacMillan, the Arctic explorer. Just a 
year ago a patron of the school presented us in one day 
six mounted fish ranging in size from four to eight feet, 
caught by himself in the Pacific and Atlantic. Another 
citizen, a prominent lawyer, who offers annual bird 
prizes to the school, caught a large seven foot sail fish 
off Florida Coast and proceeded to have it mounted at 
the expense of a hundred dollars, and then presented it 
to us with his best wishes. 

Thus at New Trier we have achieved one thing that I 
have had in mind all these dozen years and that is the 
Biology Department has, indeed, become a center of 
scientific instruction to the entire school and community, 
as well as a place of interest for everybody. 

We need to do a little more missionary work in this 
country as a whole before we measure up to European 
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nations in general scientific knowledge and interest be- 
cause nearly every little village, say nothing of cities, 
has its museum collection while here we have left it to the 
big cities and neglected to make our own little communi- 
ties centers of Interest and Learning. 
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CONSTITUTION AND BY-LAWS 


Illinois State Academy of Science. 


CONSTITUTION. 


ARTICLE I. NAME. 
This Society shall be known as Tue ILLInois Stare ACADEMY OF 
ScIENCE. 
ArticLte II. Opsects. 
The objects of the Academy shall be the promotion of scientific 
research, the diffusion of scientific knowledge and scientific spirit, and 
the unification of the science interests of the State. 


ArticLe III. Mermsers. 

The membership of the Academy shall consist of two classes as 
follows: National Members and Local Members. 

National Members shall be those who are members also of the 
American Association for the Advancement of Science. 

Local Members shall be those who are members of the local Acad- 
emy only. Each member, except life members of the Academy, shall 
pay an admission fee of one dollar and an annual assessment of one 
dollar. 

Both national members and local members may be either Life 
Members, Active Members, or Non-resident Members. 

Life Members shall be national or local members who have paid 
fees to the Academy to the amount of twenty dollars. Life members, 
if national members, shall pay an annual assessment of four dollars. 

Active Members shall be national or local members who reside in 
the State of Illinois, and who have not paid as much as $20.00 in fees 
to the Academy. 

Non-resident Members shall be active members or life members 
who have removed from the State of Illinois. Their duties and privi- 
leges shall be the same as active members except that they may not 
hold office. 

Charter Members are those who attended the organization meeting 
in 1908, signed the constitution, and paid dues for that year. 

For election to any class of membership, the candidate’s name 
must be proposed by two members, be approved by a majority of the 
committee on membership, and receive the assent of three-fourths of 
the members voting. 

ArticLte IV. OFricers. 

The officers of the Academy shall consist of a President, a Ist Vice- 
President, a Librarian, a Secretary, and a Treasurer. The Chief of 
the Division of State Museum of the Department of Registration and 
Education of the Staté Government shall be the Librarian of the Acad- 
emy. These officers, except the Librarian, shall be chosen by ballot on 
recommendation of a nominating committee, at an annual meeting, and 
shall hold office for one year or until their successors qualify. 

A 2nd Vice-President, who may be a resident of the town in which 
the next annual meeting is to be held, may be appointed by the council 
each year when the next meeting place shall have been decided upon. 

The above officers shall perform the duties usually pertaining to 
their respective offices. 
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It shall be one of the duties of the President to prepare an address 
which shall be delivered before the Academy at the annual meeting at 
which his term of office expires. 

The Librarian shall have charge of all the books, collections, and 
material property belonging to the Academy. 

ARTICLE V. COUNCIL. 


The Council shall consist of the President, Ist and 2nd Vice- 
Presidents, Secretary, Treasurer, Librarian, the retiring president and 
his immediate predecessor. To the Council shall be entrusted the 
management of the affairs of the Academy during the intervals be- 
tween regular meetings. 

At the Annual Meetings the presiding officer of each of the affili- 
ated scientific societies of the State shall meet with the Academy Coun- 
cil for the discussion of policies. 


ARTICLE VI. STANDING COMMITTEES. 

The Standing Committees of the Academy shall be a Committee 
on Publication, a Committee on Membership and a Committee on Affi- 
liation and such other committees as the Academy shall from time to 
time deem desirable. 

The Committee on Publication shall consist of the President, the 
Secretary and a third member chosen annually by the Academy. 

The committees on Membership and Affiliation shall each consist 
of five members chosen annually by the Academy. 


ARTICLE Vil. MEETINGS. 
The regular meetings of the Academy shall be held at such time 
and place as the Council may designate. Special meetings may be 
called by the Council, and shall be called upon written request of 


twenty members. 
ArTicte VIII. PuBLications. 


The regular publications of the Academy shall include the Trans- 
actions of the Academy and such papers as are deemed suitable by the 
Committee on Publications. 

All members shall receive gratis the current publications of the 
Academy. 

ArTICLE IX. AFFILIATION. 


The Academy may enter into such relations of affiliation with 
other organizations of appropriate character as may be recommended 
by the Council, and may be ordered by a three-fourths vote of the mem- 
bers present at any regular meeting. 


Articte X. AMENDMENTS. 


This constftution may be amended by a three-fourths vote of the 
membership present at an annual meeting, provided that notice of the 
desired change has been sent by the Secretary to all members at least 
twenty days before such meeting. 


BY-LAWS. 
I. The following shall be the regular order of business: 
Call to order. 
Reports of officers. 
Reports, of standing committees. 
Election of members. 
Reports of special committees. 
Appointment of special committees. 
Unfinished business. 
New business. 
Election of officers. 
Program. 
Adjournment. 


SOSBAMP Shr 
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lI. No meetings of the Academy shall be held without thirty days 
previous notice by the Secretary to all members. 

III. Fifteen members shall constitute a quorum of the Academy. 
A majority of the Council shall constitute a quorum of the Council. 

IV. No bill against the Academy shall be paid without an order 
signed by the President and the Secretary. 

V. Members who shall allow their dues to remain unpaid for 
three years, having been annually notified of their arrearage by the 
Treasurer, shall have their names stricken from the roll. 

VI. The Librarian shall have charge of the distribution, sale, 
and exchange of the published Transactions of the Academy, under 
such restrictions as may be imposed by the Council. 

VII. The presiding officer shall at each annual meeting appoint 
a committee of three who shall examine and report in writing upon 
the account of the Treasurer. 

VIII. No paper shall be entitled to a place on the program un- 
less the manuscript or an abstract of the same shall have been previ- 
ously delivered to the Secretary. No paper shall be presented at any 
meeting, by any person other than the author, except on vote of the 
members present at such meeting. 

1X. The Secretary and the Treasurer shall have their expenses 
paid from the Treasury of the Academy while attending council meet- 
ings and annual meetings. Other members of the council may have 
their expenses paid while attending meetings of the council, other than 
those in connection with annual meetings. 

X. These by-laws may be suspended by a three-fourths vote of the 
members present at any regular meeting. 
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te List of Members 


’ \ fe) iaaeer 
Mote—The names of charter members are starred; names in black- 
faced type indicate membership in the American Association for the Ad- 
vancement of Science. Numerals in parenthesis after each member in- 
dicate the date of joining the Academy. 
LIFE MEMBERS. 
*Andrews, C. W., LL. D., The John Crearar Library, Chicago, Ill, (Sci. 
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Bevan, ae Ph. D., University of Illinois, Urbana, Ill. (Geology.) 
(1924 
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Blackstock, Ira B., M.A 3 Be, Jefferson St., Springfield, Ill. (Agri- 
culture. ) (1925.) 
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M. A., 207 Harwood St., Carbondale, Ill. (Physics.) 
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University of Illinois, Urbana, II. 
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Ph. D., 5476 University Ave., Chicago, Ill (Edu- 
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Brennan, George A., 24 W. 110 Pl., Chicago, Ill. (Prin. Van Vlissingen 
School.) (1921.) 
ee lan, Ph. D., University of Chicago, Chicago, lll. (Geology.) 
Brink, Chester A., M. D., Apple River, Ill. (Medicine.) (1921.) 
Brinkley, Sterling G., Ph. D., Emery University, Emery, Ga. (Psychology 
and Education.) (1925.) 
Brokaw, Raymond Voorhees, M.D., 1001 S. Second St., Springfield, Ill. 
(Medicine.) (1925.) 
Brophy, Truman W., D.D.S., M.D., Se.D., LL. uUB., 81 E. Madison St., 
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Brown, Agnes, 1205 W. State St., Rockford, Ill. (1921.) 
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TOW O84 _—— B. S., 409 Hamilton St., St. Charles, Ill. (Botany.) 
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Robt. M. S., Ill. State Normal University, Normal, Il. 
(Geography and Geology.) (1922.) 
Comm, One) B., Ph. D., University of Illinois, Urbana, Ill. (Zoology.) 
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ae sae M. D., 590 W. Main St., Carbondale, Ill. (Medicine.) 


Campbell, Ian, M. A., Louisiana State University, Baton Rouge, La. 
(Geology.)  (1925.) 

Canunck, R. R., B.8S., 200 E Blvd., Marion, Ill. (Chemistry.) (1926.) 

Card, H. H., ~~. Department, University of Illinois, Urbana, IIl. 
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mane 5% ‘eas Ph. D., University of Chicago, Chicago, Ill. (Physiology.) 
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Cam. Pa E. B., State Teachers College, DeKalb, Ill. (Geography.) 
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Carleton, Ralph Pimball, M. A., 3012 Edwards St., Alton, Ill. (Chem- 
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aT P., Ph. D., University of Illinois, Urbana, Ill. (Physics.) 
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an David, Ph. D., Zoology Department, Princeton University, Prince- 
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Cc. M., Ph. D., University of Chicago, Chicago, Ill. (Zoology.) 
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Christie, J. R., B S., East Falls Church, Va. (Biology.) (1929.) 
— Albert Henry, B. S., 701 W. Wood St., Chicago, Ill. (Chemistry.) 
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Francisco, Calif. (Biology.) (1917.) 


Neeson oes B., B. A., Dept. of Agri., Washington, D. C. (Biology.) 
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chan John A., Ph. D., University of Illinois, Urbana, Ill. (Psychol- 
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Cletcher, J. O., M. D., 10 N. Main St., Tuscola, Ill. (Medicine.) (1921.) 

Clute, anes _ Editor, “The American Botanist,” Joliet, Ill (Botany.) 
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Coale, Henry K., Highland Park, Illinois. (Ornithology.) (1926.) 

Coffin, wae B., Ph. D., Lake Forest, Ill (Physical Chemistry.) 
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Cossenean’ Ruth, B. S., 3927 N. Hamlin Ave., Chicago, Ill. (Biology.) 


mat ae Ph. D., University of Illinois, Urbana, Ill. (Medi- 
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— rey C., Ph. D., University of Chicago, Chicago, Ill. (Geography.) 


Cole, Herman » ee te: So 517 E. Capitol Ave., Springfield, Ill. (Medicine.) 
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Colyer, ¥. i. M. 38. State Normal University, Carbondale, Il. 
(Geography. ) (1915.) 

Combs, Ralph Marion, 301 Natural History Bldg., University of Illinois, 
Urbana, Ill. (Biology.) (1924.) 

Compton, James S., Eureka, Ill. (1914. ) 

Cox, ae aa? M. A, University of Illinois, Urbana, Ill. (Geography.) 
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vorandall, ona 8S., University of Illinois, Urbana, Ill. (Geography.) 

euttienn A. R., Ph. D., University of Illinois, Urbana, Ill. (Mathe- 
matics.) (1920.) 

Creager, Gail/ Ed. B., Pinckneyville, Ill. (Biology.) (1924.) 

Cribb, Aubrey, “The Associated Press,” Springfield, Ill. (1921.) 

Crocker, William, Ph. D., Care of J. M. Arthur Thompson Institute, 
Yonkers, N. Y. (Botany.) (1914.) 

Crosier, W. M., M. D., Alexis, Tll. (Medicine.) (1921.) 

Crowe, A. B., M. A., (Bastern State Teacher’s College, Charleston, III. 
(Physics.) (1910 


.) 
Crummer, Mrs. Emma C., 502 E. Springfield Ave., Urbana, Ill. (Botany.) 
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Cullison, Aline, 1454 E. 68th St., Chicago, Tll. (1923.) 
Curran, Gordon C., B. S., 407 W. Illinois St., Urbana, Ill. (Botany.) 


(1925.) 
Currens, Fredrick Hawley, Ph. D., 130 N. Normal St., Macomb, Ill. 
(Chemistry.) (1914.) (1926.) 
Darling, Elton B., Ph. D., 1345 W. Macon Ave., Decatur, Ill. (1920.) 
Dart, CG) R., 706 Greenleaf Ave., Wilmette, Ill. (Civil Engineering.) 
ene, LL. D., Woodland, Mich. Eo abe gee? (1910.) 
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S., Purdue University, Lafayette, Ind. Fl 
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Dean, Ella R., B. Ed., 310 E. Elm St., Olney, Ill (Chemistry.) (1921.) 
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seem: 4 J., Ph. D., University of Chicago, Chicago, Il. 
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Gerard, RB. W., "B.S. 2811 Cottage Grove Ave., Chicago, Ill. (1923.) 
Gerhard, Wm. wie Field Museum, Chicago, Ill. (1908.) 
Gerould, T. F., M. D., 115% N. Locust St., Centralia, Ill. (Medicine.) 


(1921.) 
Gersbacher, Willard Ed. B., 508 W. Pecan, Carbondale, Ill. (1926.) 
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J. Ph. D., Missouri Botanical Garden, St. Louis, Mo. 
(Botany.) ances ye 
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No. 
No. . 
Host. Total.| par, =: Distribution and No. examined.* 
Acipenseridae 
Acipenser rubicundus Le Sueur............- 2 1 1 |Rock (2) 
(Lake sturgeon) 
Amiatidae 
Ane _ ki cae Hida tele eke e es Sue vem 13 10 3 {Ill. (3); Rock (6); Miss. (3); Miss2* (1) 
owfin 
Catostomidae 
Carpiodes carpio (Rafinesque)...........---- 37 12 25° |Rock (32); Miss.1 (1); Miss.* (2); Cannon | 
(Common river carp) 
Rake fp am AROS 2. ook et oon ew 1 1 0 |Miss* (1) 
er omaban velifer (Rafinesque)......+-+--04+ 22 7 15 |Rock (20); Spoon (1); Miss.? (1) 
uil 
Catostomus etaiiiiinaiiadl (Lacépéde)......... 8 1 2 |Rock (1); Drainage’ D. (2) 
ommon sucker) : 
Ictiobus bubalus Sete? See ie de cua ¢ 15 4 11 |Rock (11); Miss.* (3); Miss.* (1) 
Small-mouthed buffalo) 
Ictiobus. cyprinella (Cuyler & Valencie)..... 29 18 11 |Rock (17); Miss.* (4); Miss.? (8) 
Red-mouthed buffalo) 
Ictiobus urus (Agassiz). ........62..eeieeees 11 3 8 |Rock (10); Miss.* (1) 
Mongrel buffalo) 
Pinaceae duquesnei (Le Sueur)....... q 0 7 |Rock (7) 
(Red horse) : 
Moxostoma aureolum (Le Sueur)............ 6 0 6 {Rock (6) 
(Common red horse) 
Moxostoma breviceps (Cope).........-..+«s+ 14 6 8 |Rock (13); Miss.? (1) 
(Short-headed red horse) 
Centrarchidae 
4m rupestris (Rafinesque).......... 41 35 6 |Miltona (21); Beaver Dam (20) 
ock bass 
bbosus (Linnaeus)............. 1 1 @ {tll. @) 
ump) seed) 
Lepomis eyanellus Rasescqus Bist owe dagle ca 2 2 © jill. (2) 
(Blue-spotted sunfish) 
Lepomis eae oy en eapenaye) Jno SNe indie path 1 1 @ {Cannon (1) 
(Long-eared fish) 
eP<aluceill) “Mitehill) Ss ay See eae 12 5. 7 |\Mazaska (2); Miltona (3); Rock (7) 
rei terus dolomieu Lacépéde............. 8 8 © |Miltona (3); Rock (2); Beaver Dam (3) 
all-mouthed black ; 
Micro Fotce, salomoides (Lacepede) Eye RMF" 28 25 3 |0L rE ae (1); Momsen’ (2); pesttone 
rge-mouthed._ black bass Rock (2); ngamon Shy bf} 
Fou annuals Rafinesque............05. 14 4 10 fete ieock (5); parece ) 
(White crappie) mn ag 
’ is sparoides (Lacépéde)......---.«--- 32 2 30 as (10); Miltona (12); Rock (10) 
lack crappie) 
yprinidae 
Cypenees aes carpio  <atae tA ae (nee 26 5 21 |Bngamon (1); Miss.* @: Miss.? (2); Roc 
ur 
Notro = “ther ino\des Rafinesque............ 3 3 nnon B. (3) 
Notropis blennius (Girard)........+..6-++4+- 7 0 t Fork (7) 
~ (Minnow) 
orosomidae i 
Dorosoma cepedianum (LeSueur)........... eb aT 0 | 107 |Miss.* (4); Rock (103) 
(Gizzard-shad) i 
Esocidae ‘ 
Esox lucius Linnaeus............- eWeee a 8 6 2 \Miss.2 (1); Rock (2); Winnebago (2); Beav 
(Pickerel) (3) 
Hiodontidae 
Hiodon tergisus Le Sueur...............3. % 2 2 0 jCannon B. (2) 
(Mooneye) 
Lepisosteidae 
Lepisosteus osseus (LinnaeusS)...........-..- 8 i 6 {Rock (8) 
(Long-nosed gar 
Lepisosteus platostomus Rafinesque......... 3 2 1 2 (1); Rock (2) 
(Short-nosed gar) 
Percidae 
Perca flavescens (Mitchill)............... wae 8 8 0 |Mendota (8) 
(Yellow perch) ; 
par bs sorted (Mitchill).......... cen 6 4 2 |Miltona (1); Miss.2 (1); Rock (3); Winneb 
ll-eyed pik 
Salmonidae 
Salmo irideus Gibbons..............++ ues @ 15 5 |Mystie (15) 
(Rainbow trout) 
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Showing Distribution and Parasitization. 
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Catostomidae ; 

Carpiodes carpio 2g een aa Ee SRA Se eS 
(Common river carp 
Carpiodes Thompsoni ; ale ce. Oe 






Lake carp) 

odes velifer (Rafinesque).........-.55- 

(Quillback 

Catostomus commersonii (Lacépéde)......... 

Common sucker) 

Ictiobus bubalus (Rafinesque)..............- 

mall-mouthed buffalo) 

Ictiobus. cyprinéella (Cuyler & Valencie)..... 
(Red-mouthed buffalo) 

Ictiobus urus (Agassiz) .......-.222-eebeeees 
(Mongrel buffalo) 

Plancopharynx duquesnei (Le Sueur)....... 
(Red horse) 

Moxostoma aureolum (Le Sueur)...........: 
(Common red horse) 

Moxostoma breviceps (Cope).........-..600+ 
(Short-headed red horse) 

Centrarchidae 

Ambloplites rupestris (Rafinesque).......... 
(Rock bass) 


Bupomoétis R « cetre5y (Linnaeus). .......6666+ 
,€Pump) seed) 

Lepomis cyanellus Rafinesque............... 

» (Blue-spotted sunfish) 

Lepomis megalotis (Rafinesque)............ 
(Long-eared sunfish) 

Lepomis pallidus (Mitchill).............+... 


uegill) 
Micropterus dolomieu Lacé 
(Small-mouthed black 
Micropterus salomoides (Lacépéde)......... 
(Large-mouthed black bass) 
Pomoxis annularis Rafinesque............... 
(White crappie) 
Poxomis sparoides (Lacépéde)......:+..«.+.+ 
be (Black crappie) 
yD 


nidae 
Cyprinus re arg ie 2 game sGab cee cs Capea 
(Eurppean on?) 
Notro = atherinoides Rafinesque............ 


r) 
Notropis picdnios DOPED as 6:9 Gh bo as eas 's 
Minnow) 
Dorosomidae 
Dorosoma cepedianum (LeSueur)........... ‘ 
(Gizzard-shad) 
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Esocidae 
Esox lucius Linnaeus..... bok dé sted 6 ebm ae eS P 
(Pickerel) 
Hiodontidae 
Hiodon tergisus Le Sueur..............0¥e0. 
(Mooneye) 
Lepisosteidae 
Lepisosteus osseus (Linnaeus).............. 
(Long-nosed gar) 
Lepisosteus platostomus Rafinesque......... 
(Short-nosed gar) 
Percidae 
Perca flavescens (Mitchill)...............4.. 
(Yellow perc 
Stizostedion vitreum (Mitchill)............. 
(Wall-eyed pike) 
Salmonidae 
Salmo irideus Gibbons. ,.............c0eeee8 
(Rainbow trout) 
Sciaenidae 
Aplodinotus grunniens Rafinesque........... 
(Sheephead) 
Serranidae 
Morone interrupta Gill................4.0008- 
(Yellow bass) 
Roceus chrysops (Rafinesque).............. 
(White bass) 
Siluridae 
Amieurus melas (Rafinesque)............... 
(Black bulihead) 
Amieurus nebulosus (Le Sueur)............. 
(Common Bullhead) 
Ictalurus furcatus (Le Sueur).:..:.......... 


(Blue cat) 

Ictalurus punctatus (Rafinesque)............. 
(Channel-cat) 

Leptops olivaris (Rafinesque)............... 
(Mud-cat) 
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25° |Rock (32); Miss.* (1); Miss. (2); Ca 
0 |Miss* (1) 

15 |Rock (20); Spoon (1); Miss.? (1) 

2 |Rock (1); Drainage D. (2) 

11 [Rock (11); Miss. (3); Miss.* (1) 

11 |Rock (17); Miss.* (4); Miss.* (8) 

Rock (10); Miss.? (1) 

Rock (7) | 

Rock (6) 

Rock (13); Miss,” (1) 


oer lw 


Miltona (21); Beaver Dam (20) 

ul. (1) : 

Til. (2) 

Cannon (1) 

Mazaska (2); Miltona (3); Rock (7) 

Miltona (3); Rock (2); Beaver Dam | 

nl. ee ative. (1); Mazaska (2); M 
Rock ; Sangamon (2); Spoon G 

aS: Rock (5); Beaver Dam (8 

aska (10); Miltona (12); Rock (1 


eoonsoss?s @ 
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30 


21 |Sngamon (1); Miss. (1); Miss? (2) 


107 |Miss.* (4); Rock (103) 


ra. (1); Rock (2); Winnebago (2); 
0 jCannon B. (2) 


Rock (8) 
Miss? (1); Rock (2) 


- 


0 |Mendota (8) 
2 |Miltona (1); Miss.? (1); Rock (3); W! 


6 [Mystic (15) 
21 |Cannon (7); Miss.1 (2); Rock (19) 


1 |Miss.2 (2); Mendota (1); Rock (1) 
1. |Roek (1) 


0 {Cannon (8); Miltona (1) 

1 |NL (1); Rock (10) 

1 [Rock (2) 

71 {Miss (4); Miss.2 (5); Rock (91) 
0 {Miss (4); Rock (1) 















n Ball River, omen North Dakota; IIL: 
rkers Prairie, Minn.; Miss.*: Mi 
ck River, Rock Falls and Rockford, IL; 
inage D.: Drainage Ditch, Urbana, I11.; 


* Numbers used after Rock, IIL, ete. represent the number of ish examined... Beaver Dam: Beaver Da 
Illinois River, Peoria, [!l.; Mazaska> Lake Mazaska, Faribault 
ssippi River, Camache and Balevue, Towa; Miss.?: Mississippi River (1 
Salt Fork: Salt Fok Creek, 8 nba 
Winnebago; Lake Wimebago, W 


, LL; Sangamon: Sang: 













































































































































































(2); Cannon B. (2) , 2 0 
| 
| 
(1) | | 
1) 
8) 
D) 20) 16 5) 14 
ye | 
2); 2 
11 1 
ock (7) 
r Dam (3) 3}. 3} -3 1 
, (2); Miltona (15); 4, 4) 4 
jpoon (2) 
Dam (8) 8| 4 4 | 
Rock (10) 
fiss.? (2); Rock (22) 
3} 33 2} 3} 3 
4 
ago (2); Beaver Dam| 3) 3) 3) 3} 2 
q 
: 2) 2) 1) 2 
| 
| 
| 
i 
: (3); Winnebago (1) 
| 
| 
| 
: (19) | 6 1} 6 
| 
‘k (1) 
| s} 8s} 8 6 7 
1 1 
(91) ; 
7, 
aver Dam Lake, be pers lp ape Wise.; non: Cannon River, Northfiel Miin.; Cannon Ball: Can- 
Faribault, Minn.; Mend Lake Men a, gg ee Wisc.; Miltona: iltona and Irene, 
River (Lake Pepin), Lake ‘City, Minn.; stic Lake, Bear Tooth se Montana; Rock: 


on: Sangamon River, Monticello and te ath, IiL.; Spoon: Spoon River, London Mills, IIL; 
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